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INTRODUCTION 



Technical Field 

This invention relates to regulated genetic modification 
of plant material, particularly for tissue and/or 
developmental specific trascription and expression. 
Heterologous constructs are provided whereby production, of 
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endogenous products can be modulated or new capabilities 
provided . 

Background 

While the ability to manipulate bacterial and 
5 mammalian cells by hybrid DMA technology has been available 
for almost a decade, only in 1983 was it first reported that 
successful expression of an exogenous gene was achieved in a 
plant cell. Plants have a highly complex genome and differ 
in numerous ways from both bacterial and mammalian genes. 

10 Therefore, while as a first approximation, one may 

extrapolate from the experience with other species, the 
relevance of such experience must be determined by 
experimentation. In general, genetic engineering techniques 
have been directed to modifying the phenotype of individual 

15 prokaryotic and eukaryotic cells, especially in culture. 
Plant cells have proven more intransigent than other 
eukaryotic cells due not only to the lack of suitable vector 
systems but also a result of the different goals involved. 
Plant genetic engineering has for the most part been 

2 0 directed to modifying the entire plant or a particular-. 

tissue rather than modifying a single cell in culture. 

In order to be able to successfully modify plant 
cells, it will be necessary to develop a large number of 
different systems for introducing the exogenous DNA into the 
25 plant cell, for directing, as appropriate, the introduced 
DNA either randomly or to particular genomic sites, to 
provide for constitutive or regulated expression and,- as 
"appropriate, to provide for transport of the product to an 
appropriate site. Toward this end, it will be necessary to 

3 0 develop a wide variety of regulatory signals involved with 

replication, transcription, translation, integration, and 
the like. To varying degrees these regulatory signals will 
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have general application across species or be species- 
specific, will be associated with specific stages of plant 
growth, or be sxibject to external control. To that extent, 
it will be necessary to develop a wide spectrxim of 
regulatory sequences to allow for expression under 
predetermined conditions. 

For many applications, it will be desirable to 
provide for transcription in a particular plant tissue 
and/or at a particular time in the growth cycle of the plant 
or maturation cycle of the tissue. Toward this end, there 
is substantial interest in identifying endogenous plant 
products transcription or expression of which is regulated 
in a manner of interest. In identifying such products, one 
must first look for a product which appears at a particular 
time in the cell growth cycle or in a particular plant 
tissue, demonstrate its absence ,;at . other times or in other 
tissue, identify nucleic acid sequences associated with the 
product and then identify the sequence in the genome of the 
plant in order to obtain the 5 ' -untranslated sequence 
associated with transcription. , /Identifying the particular 
-sequence, followed by establishirhg .that it is the correct 
'sequence and isolating the desired transcriptional ../i 
regulatory region requires an enormous outlay in time and 
effort. One must then prepare appropriate constructs, and 
demonstrate that the constructs are efficacious in the 
desired manner. 

There has been substantial interest in modifying the 
seed with transcriptional initiation regions to afford' 
transcription and expression of the gene introduced into the 
seed, rather than constitutive expression which would result 
in expression throughout the plant. Also of interest is the 
ability to change the phenotype of fruit, so as to provide 
fruit which will have improved aspects for storage. 



handling, cooking, organoleptic properties, freezing, 
nutritional value, and the like- 

In addition, different systems may be required for 
the introduction of nucleic acid into plant cells to obtain 
5 reasonable efficiencies of transformation and functioning of 
the nucleic acid. In many instances, such as the tumor 
inducing plasmids and viruses, the vectors have found 
limited utilization in their range of hosts. Therefore, 
different transformation and replication systems may be 
10 required for different plant species. 

Relevant Literature 

Lack of transformation by AgrroJbacterium of soybean 
is reported by DeCleene and DeLey, The Botaniaatl J^eviev 
(1976) 42.: 389-446. Encouraging results in the 

15 transf oirmation (Pederson et al • , Pl^t Cell RBpts . (1983) 

2:201-204 and . Hood et al .\ 5io/rechi2o2ogy (1984) 2:702-708) 
" and regeneration (Christiansen et al,. Science .( 198 3 ) 222: 
632-634) of soybean have recently been reporteci.. A light ^ 
inducible soybean SSU gene (small subunit SSU) of ribulose- 

20 1, 5-bisphosphate-carboxylase (RuBP-carbpxylase) is reported 
by Berry-Lowe et ai - , J. Mdl . Appln. .^en- .(1982) 1:483-498. 
Sequences 5 ' to the pSSU gene were recently shown to direct 
foreign gene expression in a light-inducible manner when 
transferred into tobacco callus (Herrera-Estrella et al., 

25 Nature (-1984) 310:115-120). 

Crouch et al . , In: Mol&aular Form and Functxon of 
the Plant Genome, eds . van Vloten-Doting, Groot and Hall, 
Plenum Publishing Corp. 198 5, pp 555-566; Crouch and Sussex, 
Planta (1981) 153: 64-74; Crouch et al., J. Mol . Appl . Genet. 

30 (1983) 2:213-283 ; Simon et ai . , Plant Molecular Biology 

(1985) 5:191-201; and Scofield and Crouch, J. Biol. Chem. 
(1987) 262:12202-12208, describe various aspects of Brassica 




napus storage proteins. Rose et al • , Nucl , Acids Rqs . 
(1987) 15:7197 and Scherer and Knauf, Plant Mol . Biol. 
(1987) 9:127-134 describe ACP genes. Beachy et ai . , EMBO J. 
(1985) 4:3047-3053; Sengupta-Gopalan et al., Proc . //ati . 
5 Acad. 5ci. USA (1985) 82:3 320-3324; Greenwood and 

Chrispeels, Plant Physiol. (1985) 79:65-71 and Chen -et al . , 
Ptoc. Natl. Acad. Sci . USA (1986) 83:8560-8564 describe 
studies concerned with seed storage proteins and genetic 
manipulation. Eckes et ai . , Mol ^ Gen. Genet. (1986) 205:14- 

10 22 and Fluhr et al . , Science (1986) 232:1106-1112 describe 
the genetic manipulation of light inducible plant genes - 

cDKA clones from tomato displaying differential 
expression during fruit development have been isolated and. 
characterized (Manssoh et al . , Mol. Gen. Genet. (198'5) 

15 200:356-361; Slater et ai . , Plant Mol. Biol. (1985) .5:137- 
147). The studies have focused primarily on mRNAS which? 
accxmulate during fruit * ripening. One of the proteins^ 
encoded by the ripening-specific cDNAs has been identified 
as polygalacturonase (Sl^ater et al.. Plant Mol, Biol (-1985) 

20 5:137-147). A cONA clone which encodes tomato - ; 

polygalacturonase : has been sequenced. Grierson et- ai;>. , 
Ifucleic Acids Research (1986) 14:8395-8603. The ' 
concentration of polygalacturonase mRNA increases 2000-fold 
between the immature-green and red-ripe stages of fruit 

25 development. This suggests that expression of the enzyme is 
regulated by the specific mRNA concentration which in turn 
is regulated by an increase in transcription; Delia Penna 
et al., Proc. Natl. Acad. 5ci . USA (1986) 83:6420-6424', 
Mature plastid mRNA for psbA (one of the components of 

30 photosystem II) reaches its highest level late in fruit 

development, whereas after the onset of ripening, plastid 
mRNAS for other components of photosystem I and II decline 
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Brief Descriptio n of the Dravinas 
Figure 1 is a partial sequence of the promoter 
region of the XBnNa napin/gene. The start (ATG) of the open 
reading frame is underlined* 
5 Figure 2 is a restriction map of cloned XCGNl-2 

showing the entire coding region sequence as well as. 
extensive 5' upstream and 3' downstream sequences* 

Figure 3 is a partial nucleotide sequence of genomic 
ACP clone Bcg4-4. Th6 coding region is indicated by the 
10 three-letter amino aoid codes. Breaks in the coding region 
sequence represent ihtrons* The underlined nucleotide at 
position 310 is ambiguous without further sequence analysis 
for confirmation* 

Figure 4 is/ the complete nucleotide sequence of B, 
15 dsLmpestiris cDNA EAj9 . The longest open reading frame is r 
> designated by the /three letter amino acid code. PolyA tails 
are evident at the end of the sequence and a potential 

/• polyadenylation signal is underlined. - 
: Figure 5 /shows the nucleotide sequence of the cDNA 

.20 -.clones PCGN1299 /(2A11) and ^PCGN1298 (3H11) . The amino acid, 
'^-:,3^'c. > sequence of the/ polypeptide .vencpded by the open reading ,^ f . -; 
* i frame is also i/ndicated. \v 

Figure 6 is a comparison of 2A11 to pea storage 
proteins and other abundant storage proteins: 
25 (a) 2 All (residues 3 3-46) is compared to PAlb and 

the reactive site sequences of some protease inhibitors, 
Palb (residues 6-23), chick pea inhibitor (residues 11-23), 
lima bean inhibitor (residues 23-35) , human al-antitrypsin 
reactive sit/e peptide. The arrow indicates the reactive 
30 site, 

(b) / is a comparison of the amino terminal sequence 
of 2A11 witp the amino termini of a range of seed proteins. 
The data haive been modified or deletions introduced to 
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maximize homolocy; conserved residues are shown boxed. The 
sequences are from the foiloving sources: PAlb; barley 
chloroform/metthanol-soluble protein d; wheat albumin; wheat 
a-amylase inhibitor 0*28; millet bi-f unctional inhibitor; 
castor bean 2S small subunit; and napin small subunit. 

Figure 7 shows the complete sequence of the 2A11 
genomic DNa/ cloned into PCGN1273 from the Xhol site 
(position y at the 5' end) to the EsfiRI site (position 
4654) • 

Fiiure 8 shows the nucleotide secfuence of a 
polygalacturonase (PG) genomic clone. 

Fifgure 9 shows 2A11 genomic constructs. The upper 
line shows a map of the 2A11 genomic clone. The 
transcriptional start site, the polyadenylation site, the 
start (ATG) and stop (TGA) sites and the position of the 
introh aire indicated. The hatched region indicates the 
portion /o'f the genomic clone that was used to make the 
tagged 2 All constructions. The bottom portion shows the 
regions/ used to construct the 2A11 cassette;^ including the 
synthet/ic oligonucleotide used to insert: restriction sites 
and recpbnstruct the 3' end. :J^v.g^v -:- 

Figure 10 shows examples of" 2A11 cassettes. Four 
versicAis of the 2A11 cassette are?,shown. They differ only 
in the flanking poly-linker regions and in the antibiotic 
resistance marker on the plasmid. 

Description of the Preferred Embodiments 
In accordance with the subject invention, DNA 
constructs are provided which allow for regulated 
modification of plant phenotype for example during fruit 
development and ripening, in specific plant structures 
derived from the ovum, and in chloroplast containing plant 
tissues such as leaves. The DNA constructs comprise a 
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regulated transcriptional initiation region. Downstream 
from the regulated transcriptional initiation region will be 
a sequence of interest which will provide for regulated 
modification of plant phenotype, by modulating the 
5 production of an endogenous product, as to amount, relative 
distribution, or the like, or production of an exogenous 
expression product to provide for a novel function or 
product. Thus genes of interest as a source of regulated 
transcriptional initiation regions include those genes 

10 associated with seed formation, preferably in association 

with embryogenesis and seed maturation and those associated 
with fruit maturation and ripening, fruit rotting and light- 
induced processes - in chloroplasts- The transcriptional 
cassette will include in the 5'-3' direction of 

15 transcription, a regulated transcriptional and trans lational 
initiation region, a sequence of interest, an4: a 
transcriptional a:nd';translational termination region 
functional in plants. One or more introns may . be, also 
present, - /J '^''^ " - • ; ..v- 

2 0 ';In ^addition to the transcription- construct, 

depending upon -the- manner of introduction of-. theM>:> 
transcription construct into the plant, other DNA sequences 
may be required. The subject invention includes a novel 
method provided for the introduction of foreign DNA 

2 5 employing T-DNA from an Aqrohaaterlum plasmid, where 

efficient functional introduction of heterologous DNA is 
achieved in plants normally considered outside the 
Agrobacterlum range, e.g., monocotyledons and leguminous 
dicotyledons, without gall formation. The method can also 

3 0 be used with the known dicotyledon hosts of Aqrobacterium . 

DNA constructs are made which can be inserted into an 
Agrohacterium plasmid for transfer to a plant host. Plant 
hosts of particular interest are the grains and legumes. 



When using the Ti- or Ri-plasmid for transformation 
of plant cells, as described below, at least the right 
border and frequently both the right and left borders of the 
T-DNA of the Ti- or Ri-plasmids will be joined as flanking 
regions to the transcription construct. The use of T-DNA as 
a flanking region in a construct for integration into a Ti- 
er Ri- plasmid has been described in EPO Application 
No. 116,718 and per Application Nos. WO84/02913, 02919 and 
02920. See also Herrera-Estrella, Nature (1983) 303:209- 
213; Fraley et al., Proc. Natl. Acad. Sci, USA (1983) 
80:4803-4807; Horsch et al . , Science (1984) 223:496-498; and 
DeBlock et al . , EMBO J. (19S4) -3:1681-1689. Various 
fragments may be employed ,in the, constructions to provi<ie 
for homology with the T-DNA of the txmor plasmids. The :. 
homology may involve structxiral genes, promoter regions, 
other untranslated regions such, as border regions, or the 
liRe. -■ • ^ ■ 

Downstream from and, under the transcriptional ^ 
initiation regulation of the ^regulatable initiation region., 
will be a sequence of interest which will provide for , 
modification of the phenotype of the specific plant tissue; 
or part. Desirably /-integration constructs may be p,r-,epared 
which allow for integration of the transcriptional cassette 
into the genome of a plant host. Conveniently, the vector 
may include a multiple cloning site downstream from the 
regulated transcriptional initiation region, so that the 
integration construct may be employed for a variety of 
sequences in an efficient manner* The DNA construct will 
also provide for a termination region, so as to provide an 
expression cassette into which a gene may be introduced. 
Conveniently, transcriptional initiation and termination 
regions may be provided separated in the direction of 
transcription by a linker or polylinJcer having one or a 



plurality of restriction sites for insertion of the gene to 
be iinder the transcriptional regulation of the regulatory 
regions. Usually, the linker will have from l to 10, more 
usually from about 1 to 8 , preferably from about 2 to 6 
restriction sites. Generally, the linker will be fever than 
100 bp, frequently fewer than 60 bp and generally at least 
about 5 bp- In conjunction with the subject method these 
constructs may be used for the introduction of the 
structural gene into plant cells in culture, where the cells 
may be regenerated into whole plants. 

The DNA constructs which are provided employ T-DNA 
flanking regions, flanking a structural gene including 
transcriptional and translational regulatory sequences. 
Thus; the construct which includes :the structural gene, its 
transcriptional and translational regulatory controls, and 
the T-DNA" flanking regions will for the.>most part have the 
following formula: \ 

(T»)^ - P - S-G, - Te - ■(T^)b 

wherein:' 

T* and T^ are the same or 'different and are T-DNA 
fMm a Ti- plasmid or an Ri- p3:asinicl, where a and b and 0 or 
1, at least 1 of a and b being 1; 

P is a promoter region recognized by a plant host, 
which promoter region may include promoters derived from Ti- 
er Ri- plasmids, such as the octopine synthase or nopaline 
synthase promoters, viral promoters, plant promoters, 
particularly leguminous and monocotyledonous plant host 
promoters of various structural genes, e.g., RuBP- 
carboxylase, more particularly SSU. The promoter region 
will normally include a region for binding of RNA 
polymerase, as well as a cap site. In addition, there may 
be present enhancers, operators, activators, or other 
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regions involved with transcriptional regulation. The 
transcriptional initiation region may be native or 
homologous to the host of foreign or heterologous to the 
host. By foreign is intended that the transcriptional 
initiation region is not found in the wild-type host into 
which the transcriptional initiation region is introduced- 

S.G. intends a structural gene having an open 
reading frame and having at its 5 '-end an initiation codon 
and at its 3 ' -end one or more nonsense codons . The DNA 
sequence may have any open reading fraune encoding a peptide 
of interest, e.g. an enzyme, or a sequence complementary to 
a genomic sequence, where the genomic sequence may be an 
open reading frame, an intron, a non-coding . leader sequence, 
or any other sequence where the complementary sequence will 
inhibit trainscription, messenger RNA processing, e.g. 
splicing, or translation. The DNA sequence, of ; interest may 
be synthetic , naturally 'derived, or combinations thereof - 
Depending upoh-the nature of the DNA sequence .of interest, 
it may be desirable to synthesize the sequence.;:.with plant 
preferred^^ codoris. The plant preferred: 5:odons 'may be 
determined'^'from the codons of highest frequency in the 
proteins expressed in the largest amount in the particular 
plant species of interest. 

Te intends a termination region functional in the 
plant host cell. The termination region, besides including 
at leas^ one terminating sequence, may also include a polyA 
signal. The termination region which is employed will be 
primarily one of convenience, since the termination regions 
appear to be relatively interchangeable. The termination 
region may be native with the transcriptional initiation 
region, may be native with the DNA sequence of interest, or 
may be derived from another source. Convenient termination 
regions are available from the Ti-plasmid of A. tumef aciens , 
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such as the octopine synthase and nopaline synthase 
termination regions. 

Identifying useful' regulated transcriptional 
initiation regions may be achieved in a number of ways. For 
5 example, where a fruit or seed protein has been or is 

isolated, it is partially sequenced, so that a probe, can be 
designed for identifying messenger RNA specific for fruit or 
seed. To further enhance the concentration of the messenger 
RNA specifically associated with fruit or seed, cDNA can be 

10 prepared and the cDNA subtracted with messenger RNA or cDNA 
from non-seed or non- fruit associated cells. The residual 
cDNA can then be used for probing the genome for 
complementary sequences, using an appropriate library, 
prepared from plant cells. Sequences which hybridize to the 

15 CDNA then can be isolated, manipulated, and the 5'- 

untranslated region associated with the coding region 
isolated and used in expression constructs to identify, the 
transcriptional activity of the 5 '-untranslated region.. In 
some instances, a probe may be employed directly for , ., 

20 screening a genoimic' library and identifying sequences which 
hybridize to the probe.-' The sequences will be ^manipulated 
as described abbVe" to identify the 5 '-untranslated regions. 

As an example, a promoter of particular interest for 
the subject invention, the fruit-specific transcriptional 

25 initiation region (promoter) from a DNA sequence which 
encodes «a protein described as 2A11 in the experimental 
section was identified as follows. cDNA clones made from 
ripe fruit were screened using cDNA probes made from ripe 
fruit, green fruit, and leaf mRNA. Clones were selected 

3 0 having more intense hybridization with the fruit DNAs as 

contrasted with the leaf cDNAs. The screening was repeated 
to identify a particular cDNA referred to as 2A11. The 2A11 
cDNA was then used for screening RNA from root, stem, leaf, 



and seven stages of fruit development after the mRNA was 
sized on gels. The screening demonstrated that the 
particular message was present throughout the seven stages 
of fruit development. The mRNA complementary to the 
specific cDNA was absent in other tissues which were tested. 
The cDNA was then used for screening a genomic library and a 
fragment selected which hybridized to the subject cDNA. The 
5' and 3 'non-coding regions were isolated and manipulated 
for insertion of a foreign sequence to be transcribed under 
the regulation of the 2A11 promoter. 

The expression constructs which are prepared 
employing the regulated 5 ' -untranslated regions may be 
transformed into plant cells as described previously for 
evaluation of their ability to .function with a heterologous ; 
structural gene (i.e., a gene other than the open reading 
frame associated with the 5 ' -untranslated region) and 
specificity of expression for example in a particular plant 
tissue or plant part such as leaves, seed or fruit. In this 
manner, specific, sequences may be identified for use with 
s.equences for fruit or seed-speqif ic transcription and 
.viight-induced transcription , . 

Several promoters, are, of particular interest. These, 
include the soybean SSU promoter, promoters from genes 
encoding storage proteins and seed embryo genes and those 
from genes that are activated at or shortly after anthesis. 
The transcriptional initiation region may be native or 
homologous to the host or foreign or heterologous to the 
host. By foreign relative to a particular host is intended 
that the transcriptional initiation region is not found in 
the wild-type host into which the transcriptional initiation 
region is introduced. Other fruit-specific promoters may be 
activated at times subsequent to anthesis, such as prior to 



or during the green fruit stage ^ during pre-ripe (e.g., 
br aker) or even into the red fruit stage. 

By use of the soybean SSU promoter, it is found that 
the expression of the gene under the SSU promoter can be 
light- induced. Thus, the expression of the gene is 
regulatable, where enhanced expression occurs during 
irradiation with light, while substantially reduced 
expression or no expression occurs in the absence of light. 
The nucleotide sequence of the small sxibunit gene is 
described by Berry-Lowe, J. Mol . Appl. Gen. (1982) 2:483- 
498. A Ddel digest of a plasmid containing a genomic 
fragment which includes the SSU soybean gene yields a l.llcd 
5' piece that can be used as a promoter fragment. 

Transcriptional initiation regions from genes 
encoding storage proteins, such as those from genes encoding 
napin, cruciferin, ^-conglycinin, phaseolin, or the like>. 
and proteins involved in fatty acid biosynthesis, such as 
acyl carrier protein (ACP) . are also of interest. The 
transcriptional initiation regions may be obtained from any 
convenient host, particularly plant hosts such as Brassier, ' 
e.g. napus or camp^strls , soybean (Glycine max), bean,:;- 
(PhasBolus \rulgarls) , corn (Zea mays) , cotton {Gossyp2:um 
sp.) , saf flower (Carthamus tlnctorlus) , tomato (Lycoperslcon 
esaulentum) , and Cuphea species. 

Other transcriptional initiation regions of 
particular interest are those associated with seed embryo 
genes that are expressed in the period from about day 7 to 
day 40, particularly those having maximum expression in the 
period from about day 10 to about day 30, postanthesis, and 
seed coat genes which are expressed in the period from about 
day 11 to day 30. Usually the period of expression will be 
at least 3 days, more usually about 7 days and may be 
substantially over the entire period. 



promoter is active in at least the breaker through red fruit 
stage in tomato fruit. 

Any structural gene of interest may be employed for 
use in the construct. In many instances, it will be 
desirable to have another structural gene to serve as a 
marker associated with the construct, so that one can detect 
those plant cells in which the foreign gene has been stably 
introduced. For the most paxt, these constructs will have 
the following formula: 

{T*)^ - P*-(S.GO' - Te^) - (P^-(S.G.)2 - Te^) - (T^)^, 
wherein: 

all of the symbols have the saine functional 
definition except that the superscripts for P and Te intend 
that the promoter and terminator regions may be the same or 
different, where one is a marker and the other is a 
structural gene of interest. Of course, one may provide for 
a* string of expression constructs having a plurality of the 
same or different genes in the construct; Thus, the 
presence" of only two genes flanked by the. T-DNA is merely 
illustrative* . 'V j :^ :/ 

As markers for structural genes, one can employ 
antibiotic resistance genes, e.g/* a kanamycin resistance 
gene or methotrexate resistance gene (DHFR) . These genes 
are described in Haas and Dowding, supra. Other markers 
include resistance to a biocide, particularly an antibiotic, 
such as ^418, bleomycin, hygromycin, chloramphenicol, or the 
like. The particular market employed will be one which will 
allow for selection of transformed cells as compared to 
cells lacking the DNA which has been introduced. 

The structural gene of interest may be any gene, 
either native, mutant native, or foreign to the plant host, 
and may be provided in a sense or antisense orientation. 
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For native and mutant genes, th gene may provide for 
increased capability of protein storage/ improved nutrient 
source, enhanced response to light, enhanced dehydration 
resistance, e.g., to heat, salinity or osmotic .pressure, 
herbicide resistance, e.g., glyphosate, or the like. 
Foreign genes may include enhancement of native 
. capabilities, herbicide resistance, resistance to various 
pests, such as viruses, insects, bacteria or fungi, 
production of foreign products, as a result of expression of 
one or more foreign genes, or the like. 

. In preparing the cassette construct, the various DNA 
sequences may normally be inserted or substituted into a 
bacterial plasmid. Any convenient plasmid may be employed, 
which will be characterized by having a bacterial 
replication system, a marker which allows for selection in 
the bacterium and , generally one or more unique, conveniently 
iQcated restriction sites. These plasmids, referred to as 
vectors, may include such vectors as pACYC18 4, pACYC177 , 
pBR322, pUC9 , the particular plasmid being chosen .based on 
the nature of the markers, the availability _ of convenient 
restriction sites, copy number, and the like.. ;: Thus, the 
sequence may be inserted into the vector at. an appropriate 
restriction site(s) , the resulting plasmid used to transform 
the coli host, the E. aolx grown in an appropriate 
nutrient medium and the cells harvested and lysed and the 
plasmid recovered. One then defines a strategy which allows 
for the stepwise combination of the different fragments. 

As necessary, the fragments may be modified by' 
employing synthetic adapters, adding linkers, employing in 
vitro mutagenesis or primer repair to introduce specific 
changes in the sequence, which may allow for the 
introduction of a desired restriction site, for removing 
superfluous base pairs, or the like. By appropriate 



strategies, one desires to minimize the number of 
manipulations required as well as the degree of selection 
required at each stage of manipulation. After each 
manipulation, the vector containing the manipulated DNA may 
be cloned, the clones containing the desired sequence 
isolated, and the vector isolated and purified. As • 
appropriate, hybridization, restriction mapping or 
sequencing may be employed at each stage to ensure the 
integrity and correctness of the seqfuence. 

The cassette constructs may be introduced into the 
plant host cell in a variety of ways, such as an insertion 
into a tumor- or gall-producing plasmid, as bare DNA, as an 
insertion in a plant DNA virus such as A. tumefaciens or A* 
rhizog&n^s as the transforming agent, protoplast fusion, 
injection, electroporation, etc. For transformation with 
Agrobacteriujn, plasmids can be prepared in E. coli which 
plasmids contain DNA -homologous with the Ti-plasmid, 
particularly T-DNA. The plasmid may or.. may not be capable 
of replication in Ag'Tohact:Brlum , that is, it may or may not 
have a broad spectrum prokaryotic replication system, e.g., 
RK2 90, depending in, part upon whether the transcripjtioh 
construct is to be integrated into the Ti-plasmid; or ^ be 
E^etained on an independent plasmid. By means of a helper 
plasmid, the transcription construct may be transferred to 
the A. tumefaax&ns and the resulting transformed organism 
used for .transforming plant cells. 

Alternatively, to enhance integration into the plant 
genome, terminal repeats of transposons may be used as' 
borders in conjunction with a transposase. In this 
situation, expression of the transposase should be 
inducible, so that once the transcription construct is 
integrated into the genome, it should be relatively stably 
integrated and avoid hopping. 



Conveniently, explants may be cultivated with A. 
tumGfaciens or A- rhizogenes to allow for transfer of the 
expression cassette to the plant cells, the plant cells 
dispersed in an appropriate selective medium for selection, 
grown to callus, shoots grown and plantlets regenerated from 
the shoots by growing in rooting medium. The Agrobacterlum 
host will contain a plasmid having the vir genes necessary 
for transfer of the T-DNA to the plant cells and may or may 
not have T-DNA. For injection and electroporation, disarmed 
Ti-plasmids (lacking the tumor genes, particularly the T-DNA 
region) may be used to introduce genes into the plant cell. 

In accordance with the subject invention, an 
efficient procedure is provided for introduction of foreign 
DNA into plant cells with integration of the DNA and without 
gall formation, particularly as to plants which previously - 
have been reported to be outside the host range of 
A^robacterium . For a list of plant genera and species which 
are hosts and non-hosts for Agrobacterium, see De Cleene and 
L'e^.Ley, The Botanical Rbvibw (1976) 42:389-4 66.. Of 
particular interest in the subject invention are dicotyledon 
.'legumes, such as soybean, aiid -monocotyledon grains, such as 
corn, rice, wheat, barley, and oats . 

Where a tumor- or gall-producing plasmid, e.g., the 
Ri-or Ti-plasmid, is to be used to introduce the cassette 
into the plant cell, a binary plasmid, which includes an 
AgroJbacteriuiD functional replication system, or bacterial 
mating may be employed, whereby the cassette-carrying 
plasmid is transferred from a compatible bacterium to A. 
rhlzogBnes or A. tumBfaciens and the transcon jugant isolated 
and analyzed for integration of the cassette into the Ri- or 
Ti-plasmid. This can be readily determined by various 
techniques, such as Southern analysis. 



The Ti- or Ri-plasmid which is employed should be 
capable of providing for integration of T-DNA in the host 
without observable symptoms of tumor or gall formation. 
Thus, the plasmid which is selected may be tumor-producing 
5 in a conventional host, but will not produce tximors in 

plants normally considered not to be hosts. An illustrative 
plasmid is pTiA6, a wild-type plasmid. The A. rhlzogenets or 
A. tume/aciens bacteria containing the cassette and the Ri- 
or Ti-plasmid may now be used for transformation of a plant 
10 host cell, 

t>^^ For transformation particularly of monoc^t^ledenous 

Iq or leguminous plants, the subject method employs In vitro 

SI grown seedlings between green V-E and V-1 (Fehr and 

ift Caviness, 1977, Stages of Soybean /Development- Iowa State 

U 15 Goop. Ext, Serv. , Agric. and Home Econ. Expt. Stn. Special 

Report .80) . Thus, young plants, the hypocotyl or next leaf 
? =^ * 

. ajre employed. The AgroJbacteirium cells are injected into the 

plant tissue. Generally about l-r5/il of ixlO* to 1x10*, 

y^Z cells/ml will be injected, Injection>.of Agro£)acte^iuin into 

lU 2 0.v \,cotyledons, nodes and internodes. causes a visible necrosis 

1^ ground the wound site. No tximor /formation is observed. 

. : After about one to three weeks,., the explants are excised 

" from the tissue surrounding the site of injection and 

subcultured in a hormone lacking medium. Callus is observed 

25 to grow from some of the explants. Opine is present in 

these tissues, while none is detected in non-transformed 

callus. 

Transformation of seed crops such as Brassica -can be 
by any of a variety of methods known to those skilled in the 
3 0 art. See, for example, Radke et al . (1988) Theor. Appl. 

Genet. 75:685-694 and Radke et al . (1992) Plant Cell Reports 
il:499-505. 
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The cells which have been transformed may be grown 
into plants in accordance with conventional ways^ See, for 
example, McConnick et ai . , Plant Cell Reports (1986) 5:81- 
84. These plants may then be grown, and either pollinated 
5 with the same transformed strain or different strains, and 
the resulting hybrid having the desired phenotypic 
characteristic identified. Two or more generations may be 
grown to enstire that the subject phenotypic characteristic 
is stably maintained and inherited and then fruits or seeds 

10 harvested to ensure the desired phenotype or other property 
has been achieved. 

As a host cell, any plant variety may be employed 
which provides a jplant part or tissue of interest. For 
example, where the plant tissue of interest" is seed, for the 

15 most part,~ plants will be chosen where the seed is produced 
in high amounts or a seed-specific product, of interest is 
involved, ^^eeds of interest include the oil seeds, such as 
" the Brassica sieeds, cotton s^^eds, soybean, saf flower, 

sunflower, of the like; grain seeds, e.g., wheat, barley, 

20 rice, cloVer^ corn, or the like. 

ttlikre plant part is a fruit >'->ariy of a number of 

fruit jb'earing plants may be employed -in whXch the plant 
parts of interest are derived from the ovary wall. These 
include true berries such as tomato, grape, blueberry, 

25 cranberry, currant, and eggplant; stone fruits (drupes) such 
as cherry, plum, apricot, peach, nectarine and avocado; 
compound fruits (droplets) such as raspberry and blackberry. 
In hesperidium (oranges, citrus), the expression cassette 
might be expected to be expressed in the "juicy" portion of 

3 0 the fruit. In pepos (such as watermelon, cantaloupe, 

honeydew, cucumber and squash) the equivalent tissue for 
•expression is most likely the inner edible portions, whereas 



- 22 - 



] 



in legxuaes (such as peas, green beans, soybeans) the 
equivalent tissue is the seed pod. 

By use of transcription initiation regions from 
regulated genes, it is found that expression of -a structural 
5 gene of interest, either sense or antisense, can be 

regulated in a manner similar to the regulation of the gene 
native to the transcription initiation region. For example, 
by use the soybean SSU promoter, the expression of a gene 
under the control of this promoter is induced by light. 

10 Thus, the expression of the gene is regulatable, where 

enhanced expression occurs during irradiation with light, 
while substantially reduced expression or no expression 
occurs in the absence of light. Similarly, transcription 
initiation regions from genes expressed preferentially in 

15 seed or fruit tissues may be used to control bf expression 
of desired DNA sequences ^n these plant tissues... 

By virtue of having a regulatable promoter in the 
soybean plant, one: can provide for protection against 
herbicides, by providing a herbicide-resistant gen^ to be 

20 under the regulatable control of the SSU promoter.'- For 
example, by enipioying a mutated aroA gene, this, ^erizyme 5- 
enolpyruvyl-r3-phosphoshi)cimate synthase which -i's^ glyphosate- 
resistant can be produced under light induction. Thus, the 
soybean plant may be protected from glyphosate, allowing for 

25 the k-illing of weeds employing the glyphosate herbicide. 
While glyphosate may be used by itself, particularly for 
pre-emergent spraying and post-emergent control of weeds, 
the glyphosate may also be used with other post -emergent 
broadleaf herbicides, such as Basagran (bentazan) , 

30 Tackle/Blazer (acif lurof en) . Normally, applications will 
vary from about 1.2 5 to 1.5 lbs /acre, where the herbicides 
may be formulated as dry or wet formulations, by themselves 
or in combination with other additives, such as sticking 
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agents, spreading agents, stabilizers, or the like. Inert 
powders may be used with dry formulations. 

A transcriptional initiation region may be used for 
varying the phenotype of the seeds. Various changes in 
5 phenotype are of interest. These include modifying the 

fatty acid composition in seeds, that is changing the ratio 
and/ or amounts of the various fatty acids, as to length, 
unsatxiration, or the like. Thus, the fatty acid composition 
may be varied by enhancing the fatty acids of from 10 to 14 

10 carbon atoms as compared to the fatty acids of from 16 to la 
carbon atoms, increasing or decreasing fatty acids of from 
20 to 24 carbon atoms, providing for an enhanced proportion 
of fatty acids which are saturated or unsaturated, or the 
like* These results can be achieved by providing for 

15 reduction of expression of one or more endogenous products, 
particularly enzymes or^cof actors^ by producing a 
transcription product which is complementary to the 
transcription product of 'a;native gene, so as to inhibit the 
maturation and/or expression of the transcription product; ^' 
.20 or providing for expression of a gene, either endogenous or 
exogenous/ associated witii' fatty acid synthesis. -Expression 
products associated 'with fatty acid synthesis include acyl 
carrier protein, acyl-ACP thioesterase, acetyl-CoA ACP 
transacylase, acetyl-CoA carboxylase, ketoacyl-ACP 

25 synthases, malonyl-CoA ACP transacylase, stearoyl-ACP 
desaturase, and other desaturase enzymes. 

A transcriptional initiation region may be employed 
for varying the phenotype of the fruit. Various changes in 
phenotype are of interest. These changes may include up- or 

30 down-regulation of formation of a particular saccharide, 

involving mono- or polysaccharides, involving such enzymes 
as polygalacturonase, levansucrase, dextransucrase , 
invertase, etc; enhance lycopene biosynthesis; cytokinin 



and monellin synthesis. Other properties of interest for 
modification include response to stress, organisms, 
herbicides, bruising, mechanical agitation, etc., change in 
growth regulators, organoleptic properties, etc. For 
antisens^ or complementary sequence transcription, the 
sequence will usually be at least 12, more usually at least 
16 nt. Antisense sequences of interest include those of 
polygalacturonase, sucrase synthase and invertase. 

Alternatively, one may provide various products from 
other sources including mammals, such as blood factors, 
lymphokines, colony stimulating factors, interferons, 
plasminogen activators, enzymes, e.g. superoxide dismutase, 
chymosin, etc., hormones, rat mammary thioesterase 2, 
phospholipid acyl desaturases involved in the synthesis of 
eicosapentaenoic acid, and human serum albumin. The level 
of seed proteins, particularly mutated seed proteins, having 
an* improved amino acid distribution which would be better 
suited to the nutrient value of the seed can also be 
xhcreased. This can be achieved //for example, by inhibition 
bf the native seed protein 'by producing a complementary DNA / 
sequence to the native coding region or non-coding region;-^ 
where the complementary Sequence does not hybridize 
efficiently to the mutated sequence, or inactivates the, 
native transcriptional capability. 

A protein is provided having the sequence described 
in the Experimental section designated as 2A11. This 
protein could be a storage protein and be useful in 
enhancing sulfur containing amino acids (cysteine and 
methionine) in the diet. It can be obtained in 
substantially pure form by providing for expression in 
prokaryotes or eukaryotes, e.g., yeast by inserting the open 
reading frame into an expression cassette containing a 
transcriptional initiation region. A variety of expression 



casset:tes are commercially available or have been described 
in the literature. See, for example, U.S. Patent Nos. 
4,532,207; 4,546,082; 4,551,433; and 4,559,302. The 
product, if intracellular, may be isolated by lysing of the 
5 cells and purification of the protein using electrophoresis, 
affinity chromatography, HPLC extraction, or the li'ke. The 
product may be isolated in substantially pure form free of 
other plant products, generally having at least about 95% 
purity, usually at least about 99% purity. 
10 The following examples are offered by way of 

illustration and not by limitation. 

The following examples are offered by way of 
illustration and not by way of limitation. 

^ • - . ' ' * . ■ - 

15 cloning Victors 

croning vectors used include the; pUC vectors, pUCS 
and pUC9 : (-Vieira and Messing, Gene (1982 ) 19: 259-268) ;^ pUClS 
and*-pUCi9 (Norrander et al . , Gene,v { 1-983 ) ^25 : 101-106 ; 
Yanrsch-Perron et al . , Gene (1985)^^ 5-3 :103-119), and 

20 analogous vectors exchanging chloramphenicol resistance 

(CAM) as a marker for the ampicillin resistance of the pUC 
plasmids described above (pUC-CAM [pUC12-Cm, pUC13-Cm] 
Buckley, K. , Ph.D. Thesis, U.C.S.D., CA 1985). The 
multiple cloning sites of pUClS and pUC19 vectors were 

2 5 exchanged with those of pUC-CAM to create pCGN565 and 

pCGN566 which are CAM resistant. Also used were pUCllS and 
pUC119, which are respectively, pUClS and pUC19 with the 
intergenic region of M13 , from an HgxAl site at 5465 to the 
Ahalll site at 5941, inserted at the Wdel site of pUC 

3 0 (available from Vieira J. and Messing, J. Waksman Institute, 

Rutgers University, Rutgers, N.J.) 



Terminal deoxynucleotide transferase (TDT) , PKaseH, 
E* call DNA polymerase, T4 kinase, and restriction enzymes 
were obtained from Bethesda Research Laboratories; E. aoli 
ONA ligase was obtained from Hew England Biolabs; reverse 
transcriptase was obtained from Life Sciences, Inc. ; 
isotopes were obtained from Amersham; X-gal was obtained 
from Bachem, Inc., Torrance, CA. 

Bacterial strains, plasmids. and media 

E. coli strains MM294(F endAl hsdRll supEAA thi*l) 
(Meselson and Yuan, Nature (1968) 227:1110-1114) and 71-18 
(Alac-proAB) supE thx F'lacI^ Z M15 proA*B*) (Messing et 
al., Proc. Natl. Acad. Sc±. USA (1977) 74:3642-3646) were 
routinely used for transformations. A. tumefaciens A348 
contains the octopine Ti-plasmid pTiA6 in A114 (Garfinkel 
anci Nester, i7. BaatGriol . (1980) 144:732-743). pRK2073 was 
'maintained in HB101(F- hsd'20 &B'r^-) recA13 prdA:2 lacYl 
IeuB6 rp5L20 thx 'l supE44) (Boyer and Rouland-^Dussiox, »7, 
Mol. Biol/ (1969) 41:459). ' : . ' ^ 

Plasinid'"pRK2 073 was generated by insertion of Tn7 
into the-Kan^ gene of pRK2013. (Ditta ai\, Proc. Natl. 
Acad. Sci. USA (1980) 75:1648-1652) pSR2 . 1 (Berry-Lowe et 
al., 1982, supra,) contains a 2.1 EcoRI fragment of a 
soybean small subunit gene (SSU) in pBR3 25. The Baml9 
fragment" of pTiA6 was maintained as a 4 . 6kb subclone in 
PBR325 (PNM33C-19-1) (Thomashow et al . , Cell (1980) 15,: 729- 
739). PCGN464 contained the 1 . Skb ifindlll-Sall fragment of 
Tn5 cloned into the sp6 transcription vector pSP6*5 (Melton 
et ai.^ Nucl. Acids Res. (1984) 12:7035-7056). The pUC7 
recombinant vector containing the l.Okb Bgrlll-Smal fragment, 
of Tn5(pCGN54 6) is designated pCGN54 6. 



E. coli were grown on LB media (Miller, 1972, 
Experiments in Molecular Genetics, CSH Laboratory, Cold 
Spring Harbor, NY) . A. tumefaciens were grown in either 
minimal AB medixim (Chilton et ai., Proc. Natl. Acad. Sci . 
USA (1974) 71:3672-3676) or in MG/L (50% LB:50% 
mannitolglutamate medium (Roberts and Kerr, Physiol. Plant 
Pathol. (1974) 4:81-91. 

E. coli strain pCGN1299x7118 was deposited with the - 
American^Type Culture Collection (A.T.C.C) , 15 ^01 Parklawn 
Dri v e, Rockvillc , 4to^yia«d, 20pJ5/i on May 21, 1987 and given 
Accession No''. 67408. ^ " ^ 



Example 1 

Preparation of Transformed Soybean Plants 

Soybean (glycine max cv ''forrest") seeds were 
surface sterilized (12min, 5% sodium hypochlorite, 0.1% 
Tween 80), washed 3 times' in distilled water and germinated 
aseptically (1/10 MS-Gibco, 0.6% phytagar (Gibco) medium 
without hormones , 25 VC red light (Grolux 40W)-). 
Agrobacterium coritaihihg strains pTiCGN3 27 and pTiCGN609 
were grown overnight (MG/L medium 30 *C) were injected into 
hypocotyl, cotyledons, node and internode of two to three 
week old seedlings. Three weeks after injection, tissues 
surrounding the injection site were excised and placed on 
0.6% phytagar MS medium deprived of. hormones and containing 
0.5g/L carbenicillin. Hormone independent , octopine 
positive tissues were then transferred to liquid MS medium 
and analyzed for the presence of octopine (Otten and 
Schilperoot, Siochem. et Biophys . Acta 1978) 527:497-500). 
To determine kanamycin resistance, growing calli were then 
placed in light or complete darkness. Friable calli of 
light grown or dark grown 3 27 and 609 were disaggregated by 



filtering through a 105/i nylon mesh. Samples (O.lml packed 
cell volume (p*c.v.)) of -fine suspensions (1-lS cells/clump 
were placed in the S2une medium containing 0 to 3 00ing/L 
kanamycin. Pigmented cells were kept in the light while the 
5 non-pigmented cells were kept in total darkness. The 

effects of kanamycin on grrowth were measured as packed cell 
volume six weeks later* 

DNA Isolation 

The alkali-lysis procedure of Ish-Horowitz (Maniatis 
10 et al-, 21982 Moleaulsur Cloning,, A Laboratory Manual, CSH 

Laboratory, Cold Spring Harbor, NY) was used for both large- 
scale plasmid isolation and for mini-prep analysis. Total 
DNA from A* tumefaciens was prepared as described (Currier 
and Nester, J- BacZ&riol . (1976) 125: 157-165* 
15 ^ DNA fragments were isolated from low melt agarose 

gels (Sea Plaque) run in TAE buffer (0.04M Tris-acetate, . 
0l002M EDTA (Maniatis, supira.) without ethidium bromide. 
The desired fragment was extracted from the excised agarose* 
band by melting at 65oC for 30min followed by phenol 
20 extraction and ethanol precipitation. 

Cloning Procedures 

Restriction enzyme digestions and ligations were 
performed according to manufacturer's instructions. Klenow 
fill-in reactions and transformation were as described 

25 (Maniatis, supra.) When pUC9 was being transformed into E. 
coll strain 71-18, X-Gal and IPTG were added to the plates 
as described (Miller, 1972, supra). Correct insertion and 
orientation of recombinants were verified by 2 to 3 
restriction digests. 

30 The verification of the Smal-Ddel junction in 

pCGN606 was done by cloning the 1 . Ikb BamHi-rcoRI fragment 
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into M13iap9 (Maniatis, supra) • Sequence analysis was then 
perfoirmed in accordance with conventional ways. 

Acnrobacterium matinQS 

The pCGN609 construct was integrated into the 
Tiplasmid pTiA6 in a three-way mating (Comai et al . / 1983, 
supret) . Overnight Coli strains containing cultures of 
pCGN609 and pRK2073, respectively, were mixed with A. 
tuxnejfaciens strain A722 and spread on AB plates containing 
150;ig/ml kanamycin and 250/ig/ml streptomycin. Single 
colonies were restreaXed twice. Correct integration was 
verified by Southern analysis of total AgrroJbactejrium DNA. 
BamHX digested DNA was probed with a nick-translated 2.5 
Pstl-EcoRl 3' ocs fragment from pCGN607. Southern analysis 
and nick translation were performed- in accordance with 
conventional ways. 

RNA preparation and Northern blot analysis 

u ;RNA was prepared from soybean^ callus by a 
modif ication of the guanidine thiocyanate procedure of 
Colbert et ai . (Pro<:. Natl. Acad Sci . USA (1983) SO: 2248- 
.2252) in which the extract ion. -buffer contain 4M guanidine 
thiocyanate, 2% lauryl sarcosine, 1% ^-mercaptoethanol, 50mM 
Tris, pH 7.5 2 0mM EDTA, ImM aurintricarboxylic acid, 0.4% 
antifoam A (Sigma) . PolyA* RNA was purified over oligo-dT 
cellulose (Maniatis, supra.) and Northern gels run as 

RNA bacterial amipglycoside phosphotransferase mRNA ^ 
complementary to (APH ( 3 ' ) II-mRNA) (Herrera-Estrella et al., 
EMBO J. (1983) 2:987-995; Sevan et ai . , Nature (1983) 
304:184-187) was synthesized from Sglll cut pCGN464 using a 
riboprobe kit (ProMega Biotech) according to the 



manuf actxirer's instructions. The hybridization buffers were 
as suggested by the riboprobe manufacturer's with 
hybridization at 55 *C and washes at 60*C. 

Kanamvcin activity blots 

The lanamycin activity blots (Reiss et al.. Gene 
(1984) 30:211) were performed as modified for plauits 
CSchreier et ai • , EMBO J. (198^) ^(^0 : 2.5^s^Z ) . For each 
sample, 0.2g of fresh soybean callus was used. 

Construction of sovbean ssu-Kan*" chimera 

A soybean SSU gene (Berry-Lowe) , 1982, supra) was 
chosen as the source of the 5 '-promoter region. In this 
gene there is a Ddel site, 9pb upstreaan of the AUG. A Ddel 
digest of pSRS2 . 1 (Berry-Lowe, 1982, supra*) yielded a 1-lktf^ 
5' fragment isolated outr of a low melt agarose gel. The 5' 
l.lkb Ddel fragment was filled in with Klenow polymerase and 
iigated into Smal digested pUC9 (Vieira and Messing, Gene 
(1982) 19:259). A clone, pCGN606 was obtaLined that had the 
SSU promoter facing the adjacent ZcoRI. site o£ pUC9 . 

A cassette containing the soybean 5' region and an 
appropriate 3' region was then constructed. For this 
cassette, the octopine synthetase (ocs) 3' region was chosen 
as a 2.5kb fJcoRI-PstI fragment from a Saml9 subclone of 
pTiA6 (Thomashow, 1980, supra) . Since it contained regions 
homologous to T-DNA, it would facilitate transfer to the 
Tiplasmid of Agrobacterlum . The cassette pCGN607 was , 
obtained in a 3-way ligation with this fragment, the l.lkb 
B ajnHI-JE: CO RI 5' soybean SSU fragment from pCGN606, and the 
2.7kb BamHI-PstI fragment of pACyci77 (Chang and Cohen, J. 
Bacterial. (1978) 234:1141). 
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The APH(3')-II gene employed was from Tn5, which 
confers resistance to kankmycin both in bacteria (Haas and 
Dowding, Meth. JEnzyaology (1975) 43:611-628) and plants 
(Herrera-Estrella, 1983, supra). A l.Okb Sgl II -5jna I 
fragment containing the gene was cloned into pUC7 resulting 
in adjacent flanking £coRI restriction sites. The plasmid 
was digested to provide a 1.0)cb £coRI fragment and this 
fragment ligated into BcoRI digested pCGN607. Clones were 
screened for those carrying the Kan' gene of Tn5 in the 
correction orientation. One of the clones which had the 
correct orientation was designated pCGN609. The plasmid 
also carried the kanamycin resistance gene from pACYC177 
(APH(3')-I as a bacterial marker. These two kanamycin 
resistance genes (APH(3')-I and -II) do not cross-hybridize 
at the nucleic acid level. 

Following Klenow .polymerase fill-in, only 9bp which 
are present upstream of the AUG in native soybean SSU are 
lacking in pCGN6p9. These 9bp are replaced with .4 6bp that 
arise from the fusion manipulations. The rest of .the l.lkb 
soybean SSU 5 'Region is the same in pCGN609 as. in native 
soybean. 

The integration of pCGN609 into th^ Ti-plasmid pTiA6 
was accomplished in a three-way (Comai et. al . , 1983) mating 
with PRK2073. correct integration was verified by Southern 
analysis of the resulting Agrobacterium , designated 
pTiCGN609. In the integration an intact octopine synthetase 
region is maintained as evidenced by the detection of 
octopine. octopine was detected by fluorescence of its 
phenanthroquinone adduct following paper electrophoresis of 
tissue extracts (lOmg). 



Transformatiion of soybean 

Transformation of soybean was performed on In vitro 
grown seedlings from the time their cotyledons turned green 
up to the time of the appearance of the second internode. 
5 In every case, the injection of Agrobacterium caused a 
clearly visible necrosis around the wound site. 
Occasionally, after 1 to 3 wee)cs, roots would appear at the 
inoculation site. Splitting also occiarred, revealing 
swollen tissue, but in no case was tximor noted with the 

10 AgrobactBrium strains used. Explants excised from the 

tissue surrounding the site of injection were subcultured in 
MS medium deprived of hormones, 0.6% phytagar, 0.5g/L 
carbenicillin* Hormone- independent callus grew from some of 
the eacplants- Hormone- independent growing tissue for the 

15 presence of octopine was positive, while no octppine was 
detected in non-transf oiTned soybean tissue. All: aerial 
parts of the soybean seedlings, cotyledons, internodes, and 
-nodes, were able to produce transformed tissue although no 
systematic study was' done to determine which of these "areas 

2 0 is most susceptibie' -to Agrobacterium. ' * 

Analysis of pblvA^ RNA in light and dark grown tissue 

The increase in SSU protein seen in a number of 
light grown plants was shown to correlate with an increase 
in the level of SSU polyA* RNA. Northern analysis of light 
25 and datk grown 609 soybean callus was* performed to determine 
if an increase in APH(3')-II polyA'' RNA occurred with growth 
in light. The results were determined with a ^P-RNA probe 
specific for APH(3')-II transcript in the sense orientation. 
An RNA of the e)cpected size of approximately 1 . 6kb was seen 

3 0 in both cases of light and dark. Approximately 5-10 times 
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as much transcript was seen in the light grown tissue as the 
dark grown tissue • 



Presence of protein with kanamvcin phosphotransferase 
activity 

5 APH(3')-II (aminoglycoside phosphotransferase) 

inactivates kanamycin by phosphorylation. The presence of 
this activity can be demonstrated by a number of assays 
which measure the phosphoirylation of kanamycin in vifrr^o. In 
the assay employed (BbIss et ai*. Gene (1984) 30:211} 

10 extracts are run on an acrylamide gel, reacted in situ with 
kanamycin and and then blotted to P81 

(phbsphocellulose) paper. For green (light grown) and white 
(dark grown) 609 soybean calXus, activity was seen in the 
green soybean at the same mobility as that observed for 

15 purified APH(3')-II, whiTe no detectable activity was seen 
in white 609 tissue or in soybean transformed with an 
Agrobacterium lacking the APH(3f)-II gene. 

- Demonstration of kanamvcin resistance in the transformed 
t issue 

'*^> ' 20 Greening of the soybean callus occurred 

spontaneously after exposure to light. Some of the green 
609 callus selected for its friability was disaggregated as 
described previously and used to analyze its resistance to 
kanamycin. It was compared to similar non-pigmented tissue 
25 grown in complete darkness. Dark grown 609 as well as 

control 3 27 tissue died in the presence of 50mg/L kanamycin/ 
while the light grown tissue could survive up to 300mg/L 
kanamycin although its growth was slightly inhibited at this 
concentration. 
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Example 2 
Const:ructi;[Q p of a Napin Promoter 

There are 2 98 nucleotides upstrfeam of the ATG start 
codon of the napin gene on the pgNl cl/one, a 3 . 3 kb ZcoRI 
fragment of S. napus genomic DNA containing a napin gene 
cloned into pUC8 (available from Marti Crouch, University of 
Indiana) • pgNl DNA was digested with -EcoRI and S^tl and 
ligated to EcoRI/Sstl digested pCGN706. (pCGN706 is an 
Xhol/Pstl fragment containing 3' and polyadenylation 
sequences of another napin cDNA clone pN2 (Crouch et al . , 
1983 supra) cloned in pCGN566 at the Sail and PstI sites,) 
The resulting clone pCGN707 was digested with Sail and 
treated with the enzyme Sai31 tof remove some of the coding 
region of the napin gene. The resulting resected DNA was 
digested with 5jnal after the BaLll: treatment and religated. 
One of the clones, pCGN713, selected by size, was subcloned 
by £coRI and BamHl digestion ihto both EcoRl^BamHl digested 
pEMBLlS (Dente et ai . , Nucl&iJ Acids Res. (1983) II: 1645- 
1655) and pUCllS to give £418/ and E4118 respectively. The 
extent of SaI31 digestion wa^ confirmed by Sanger dideoxy 
sequencing of E418 template. / The^ Bal 31 deletion of the 
...promoter region extended onlh:^t,o 57 nucleotides downstream ' , 
of the start codon, thus coritaining the 5' end of the napin 
coding sequence and about 3 00 bp of the 5' non-coding, 
region, E4118 was tailored/ to delete all of the coding 
region of napin including tdhe ATG start codon by In vitro 
mutagenesis by the method df Zoller and Smith (Nucleic Acids 
Res. (19B2) 10:6487-6500) ising an oligonucleotide primer 
5'-GATGTTTTGTATGTGGGCCCCTApGAGATC-3' . Screening for the 
appropriate mutant was donfe by two transformations into E. 
coli strain JM83 (Messing J., In: Recombinant DNA Technical 
Bulletin, NIH Publication |No . 79-99, 2 No. 2, 1979, pp 43- 
48) and Smal digestion of putative transf ormants . The 
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resulting nap in prombter clone is pCGN77 8 and contains 298 
nucleotides from the £coRI site of pgNl to the A nucleotide 
just before the ATG start codon of napin. The promoter 
? region was subclor/ed into a chloramphenicol resistant 
backgroiand by digfestion with -BcoRI and BamHI and ligation to 
ScoRI-SamHI digested pCGN565 to give pCGN779c. 

Extension of the Napin Promoter Clone 

pCGN779c contains only 298 nucleotides of potential 
5 ' -regulatory seq[uence. The napin promoter was extended 
with a 1.8 kb fragment found upstream of the S'-^coRI site 
on the original XBnNa clone. The -3.5 kb Xhol fragment of 
XBnNa (available from M. Crouch) , which includes the napin 
region, was' subcloned into Sall-digested pUC119 to give 
pCGN93 0. A ifihdIII site close to a 5' Xhol site was used to 
subclone the Hihdlll-SccyRI fragment of. pCGN9 3 0 into HindlXl- 
EaoRl digested Bluescript + (Vector Cloning Systems, San 
Diego, CA) to give pCGN942. An ext-ended napin promoter was 
made by ligatxrig pCGN779c digested with ScoRr and PstI and 
pCGN9 4 2 digested with EcoRl and PstI to:/ma)ce . pCGN94 3 . This 
promoter "contains -2.1 kb of sequence upstream of the 
original ATG of the napin gene contained on XBnNa. A 
partial sequence of the promoter region is shown in 
Figure 1. 

Napin Cassettes 

The extended napin promoter and a napin 3'- , 
regulatory region are combined to make a napin cassette for 
expressing genes seed-specifically* The napin 3 '-region 
used is from the plasmid pCGNl.924 containing the Xhol-EcoRX 
fragment from pgNl (Xhol site is located 18 nucleotides from 
the stop codon of the napin gene) subcloned into TcoRi-Sall 
digested pCGN565. ffindlll-PstI digested pCGN943 and 



pCGNl924 are ligated to make the napin cassette pCGN944, 
with unique cloning sites Sjnal, Sail, and Pstl for inserting 
genes 

Construction of cDNA Library from Spinach Leaves 

Total RNA was extracted from young spinach leaves in 
4M guanidine thiocyanate buffer as described by Facciotti et 
al - (Bxoteahnology (1985) 3:241-246). Total RNA was 
subjected to oligo(dT) -cellulose column chromatography two 
times to yield poly (A)* RNA as described by Maniatis et al • , 
(1982) Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, New York- A cDNA library was constructed 
in pUCl3-Cm according to the method of Gubler and Hoffman, 
(Gene (1983) 25:263-269) with slight modifications. RNasin 
was omitted in. the synthesis of first strand;, cDNA as it 
interfered with -second strand synthesis if . not completely 
removed, and dCTP was used to tail the vector DNA: and dGTP 
^to . tail' double-stranded cDNA instead of the reverse as 
described in the, paper • The annealed cDNA was-^-transf ormed 
to competentvui:. ;,coIi JM83 (Messing (1979) supra), cells 
according to Hanahan {J.Mol, Biol. ( 1983 ) 156 : 557-580) and 
spread onto , LB agar plates (Miller (1972); Experiments in 
Molecular ; Genetics. Cold Spring Harbor Laboratory, Cold 
Spring Harbor, New York) containing 50 /xg/ml chloramphenicol 
and 0.005% X-Gal. 

Identification of Spinach ACP-I cDNA 

A total of/ approximately 8000 cDNA clones were 
screened by performing Southern blots (Southern, J. Mol. 
Biol. (1975) 5'8y503) and dot blot (described below) 
hybridizations X/ith clone analysis DNA from 40 pools 
representing 200 cDNA clones each (see below)* A 5' end- 



labeled synthetic oligonucleotide (ACPP4) that is at least 
66% homologous with a 16. amino acid region of spinach ACP-I 
( 5 ' -GATGTCTTGAGCCITGTCCTCATCCACATTC ' ) is 

the coidplement to a DNA sequence that could encode the 16 
7^5 /^ino icid peptide glu-glu-glu-phe-gly-ile-asn-val-asp-glu- 
asp-l>ys-ala-gln-asp-ile, residues 4 9-64 of spinach ACP-I 
(Kuo and Ohlrogge, Arch- Biochem. Biophys . (1984) 23 4:29 0- 
296) /and eas used for an ACP probe* 

Clone analysis DNA for Southern and dot blot 
10 hybridizations was prepared as follows. Trans fozrmants were 
transferred from agar plates to LB containing 50 fig/ml 
chloramphenicol in groups of ten clones per 10 ml media. 
Cultures were incubated overnight in a 3 7**C shaking - 
incubator and then diluted with an equal volume of media .and 
15 allowed to grow for 5 more hours* Pools of 200 cDNA clones 
' each were obtained by mi*^ing contents of 2 0 samples. DNA^ 
was extracted from these cells as described by Bimbo im and 
Doly (Nucleic Acids Res. (4979) 7:1513-1523). DNA was 
purified to enable digestion with restriction enzymes by 
.v20 extractions with phenol .and chloroform followed by ethanpl 
precipitation. DNA was resuspended in sterile, distilled 
water and 1 ^g of each of the 4 0 pooled DNA samples, was 
digested with EcoRI and ifindlll and electrophoresed through 
0.7% agarose gels. DNA was transferred to nitrocellulose 
25 filters following the blot hybridization technique of 
Southern . 

ACPP4 was 5' end-labeled using y^^P dATP and T4, 
kinase according to the manufacturer's specifications. 
Nitrocellulose filters from Southern blot transfer of clone 
3 0 analysis DNA were hybridized (24 hours, 42 ^C) and washed 

according to Berent et al . (BioTechnigues (1985) 3:208-220). 
Dot blots of the same set of DNA pools were prepared by 
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applying 1 of each DNA pool to nylon membrane filters in 
0*5 M NaOH. These blots were hybridized with the probe for 
24 hours at 42 in 50* f oriiiamide/1% SDS/1 M NaCl, and 
washed at room temperatiire in 2X SSC/O.l* SDS (IX SSC = 
5 0.15M NaCl; 0.015M Na citrate; SDS-sodium dodecylsulfate) . 
DNA from the pool which was hybridized by the ACPP4 
oligoprobe was transformed to JH83 cells and plated as above 
to yield individual transf ormants . Dot blots of these 
individual cDNA clones were prepared by applying DNA to 
10 nitrocellulose filters which were hybridized with the ACPP4 
oligonucleotide probe and analyzed using the same conditions 
as for the Southern blots of pooled DNA samples. 

Nucleotide Sequence Analysis 

The positive clone> pCGNlSOL, was analyzed by 
15 digestion with restriction enzymes and the following partial 
: ' map was obtained. 

. pUC13-Cm 1-35-1 248 |-63.-| 152 | -200 | 



' 20 H H N ^ : ^ i Xh E SXBSmSsE** 

H-ifindlll N-Ncpl P-PvuII Xh-Xhol ..v^:/, ^ 

E-£:coRI S-Sall., X-Xbal Sm-Snal 

B-SajDHI Ss-SstI *-f ormer PstI site destroyed 

with tailing 

25 **polyiinker with available restriction sites indicated 

The cDNA clone was subcloned into pUCllS and pUC119 
using standard laboratory techniques of restriction, 
ligation, transf ormation, and analysis (Maniatis et al., 
(1982) supra). Single-stranded DNA template was prepared 
3 0 and DNA sequence was determined using the Sanger dideoxy 

technique (Sanger et ai . , Proc . Nat. Acad, Sex. USA (1977) 
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74:5463-5467). Sequence analysis was performed using a 

software package from Intel liGenetics , Inc. 

pCGNlSOL contains an (approximately) 700 bp cDNA 

insert including a stretch of A residues at the 3 ' terminus 
which represents the poly (A) tail of the mRNA. An A.TG codon 

at position 61 is presumed to encode the MET translation 

initiation codon. This codon is the start of a 411 
nucleotide open reading frame, of which, nucleotides 229-471 
encode a protein whose amino acid sequence corresponds 
almost perfectly with the published amino acid sequence of 
ACP-I of Kuo and Ohlrogge supra as described previously. In 
addition to mature protein, the pCGNlSOL also encodes a 56 
residue transit peptide sequence, as might be expected for a 
nuclear-encoded chloroplast protein. 

Napiri-Abp Construct ' 

*pCGN7 96 was constructed by ligating pCGNlSOL 
digested with ffindlll-BamHI , pUC8-CM digested with Hindlll 
and BajDHI^'and pUCllS digested with BamHI;' ' The ACP gene from 
pCGibl7'96* was transferred into a chloramphenicol background by 
digestion with BajnHI and ligation with BamHI digested 
pSGNSeS, The resulting pCGN1902^''was digested with EcoRl and 
Smal and ligated to -EcoRI-Smal digested pUCllS to give 
PCGN192 0. The ACP gene in pCGN192 0 was digested at the Naol 
site, filled in by treatment with the Klenow fragment, 
digested" with Sjnal and religated to form pCGN1919. This 
eliminated the 5 '-coding sequences from the ACP gene and 
regenerated the ATG. This ACP gene was flanked with PstI 
sites by digesting pCGN1919 with -EcoRI, filling in the site 
with the Klenow fragment and ligating a PstI linker. This 
clone is called pCGN94 5. 

The ACP gene of pCGN945 was moved as BamHI-Pstl 
fragment to pUCllS digested with BamHI and PstI to create 



pCGN945a so that a Smal site (provided by the pUCllS) would 
be at the 5 '-end of the ACP sequences to facilitate cloning 
into the napin cassette pCGN944. pCGN945a digested with 
Siaal and PstI was ligated to pCGN944 digested with Sxnal and 
5 Pstl to produce the napin ACP cassette pCGN946. The napin 
ACP cassette was then transferred into the binary vector 
PCGN783 by cloning from the Ifindlll site to produce pCGN948« 

Construction of th^ ^inarv Vector PCGN78 3 

pCGN783 is a binary plasmid containing the left and 

10 right T-DNA borders of A* tumefaciens (Barker et al . , Plemt 
Mol. Biol. (1983) 2:335-350); the gentamicin resistance gene 
of pPHlJI (Hirsch et ai . , Plasmid (1984) , 12 : 139-141) the 
35S promoter of cauliflower mosaic virus (CaMV) (Gardner et 
al., Nucleic, Acids Res. ( 1981) 9 : 2871-2890)-, the kanamycin 

15 re^sistance: gene of Tn5 (Jorgenson et al.,; iiifra and Wolff et 
al.. Nucleic Acids Res. (1985) 13:355-367). and the 3' region 
from transcript 7 of pTiA6 (Barker et al-, (-1983) supjra) . 

To obtain the gentamicin resistance marker, the 
gentamicin -resistance gene was isolated as -a ^.:? . 1 kb EcoRl^ 

20 Pstl fragment of pPHIJl cloned into pUC9 yielding pCGN549, 
The HihiliTl-BamHl fragment containing -the gentamicin 
resistance gene was substituted for the Hindlll-Bglll 
fragment of pCGN587 creating pCGN594. 

pCGN587 was prepared as follows: The ffi/jdlll-S/nal 

2 5 fragment of Tn5 containing the entire structural gene for 

APffll (Jorgenson et al . , Mol . Gen. Genet. (1979) 177z65) was 
cloned into pUCS (Vieira and Messing, Gene (1982) 19:259), 
converting the fragment into a HindIII-J?coRI fragment, since 
there is an EcoRl site immediately adjacent to the Smal 

3 0 site. The Pstl-rcoRI fragment containing the 3 '-portion of. 

the APffll gene was then combined with an 5coRl-BamHI-5aII- 
Pstl linker into the EcoRI site of pUC7 (pCGN546W) . Since 



this construct does not confer kanamycin resistance, 
kanaxnycin resistance was obtained by inserting the flgriii- 
Pstl fragment of the APHII gene into the SainHI-Pstl site 
(PCGN546X) . This procedure reassembles the APffll gene, so 
that EcoRl sites flank the gene. An ATG codon was upstream 
from and out of reading frame with the ATG initiation codon 
of APHII. The undesired ATG was avoided by inserting a 
Sau3A-PstI fragment from the 5 '-end of APHII, which fragment 
lacks the superfluous ATG, into the SamHI-PstI site of 
PCGN546W to provide plasmid pCGN550. 

The -ffcoRI fragment containing the APHZZ gene was 
then cloned into the unique EcoRI site of pCGN4 51, which 
contains an octopine synthase cassette for expression, to- 
provide pCGN552 (lATG). 

pCGN45l includes an octopine cassette which contains 
about 1556 bp of the 5/ non-coding region fused via an EcoRl 
linker to the 3 ' non-coding region of the octopine synthase 
gene of pTiA6. The pTi coordinates are 11,207 to 12,823 for 
the 3' region and 13,643 to. 15,208 for the 5' region as . ■ * . 
defined by Barker et al^^y- -Plant Hoi. Biol. (1983) 2:3:25-; v-: 

The 5' fragment was obtained as follows. A small 
subcloned fragment containing the 5' end of the coding 
region, as a B&mHlScoRl fragment was cloned in. pBR322 as 
plasmid pCGN407. The BamHI-^-EcoRI fragment has an Xmnl site 
in the coding region, while pBR3 22 has two Xmnl sites. 
pCGN407 was digested with Xmnl, resected with flaI3l nuclease 
and £coRI linkers added to the fragments. After £coRX and 
BamHl digestion, the fragments were size fractionated, the 
fracl:ions cloned and sequenced. In one case, the entire 
coding region and 10 bp of the 5' non-translated sec[uences 
had been removed leaving the 5' non-translated region, the 
mRNA cap site and 16 bp of the 5' non-translated region (to 
a BamHI site) intact. This small fragment was obtained by 
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size fractionation on a 7* acrylamide gel and fragments 
approximately 13 0 bp long .eluted. 

This size fractionated DNA was ligated into M13mp9 
and several clones sequenced and the sequence compared to 
5 the )cnown sequence of the octopine synthase gene. The M13 
construct was designated pl4, which plasmid was digested 
with SaxnHI and -ETcoRI to provide the small fragment which was 
ligated to a Xhol to BamHI fragment containing upstream 5' 
sequences from pTiA6 (Garfinkel and Nester, J. Bacteriol . 
10 (1980) 144:732) and to an ^coRI to Xhol fragment containing 
the 3' sequences* 

The resulting Xhol fragment was cloned into the Xhol 
site of a pUC8 derivative, designated pCGN426. This plasmid 
differs from pUCB by having the sole EcoRl site filled in 
15 with DNA polymerase I, and having lost the PstI and Hindlll 
site by nuclease contamination of - HincII restriction 
endonuclease, when a Xhol linker was, inserted into the 
unique Hindi site of pUCB • The resulting plasmid pCGN451 
has a ^single EaoRl site for the insertion of protein coding 
20 sequences between the 5' non-coding;. region (which contains 
1,550 bp of 5' non-transcribed sequence including the right 
-^border of the T-DNA, the mRNA-icap site and 16 bp of 5' non- ^ 
translated sequence) and the 3' region (which contains 267 
bp of the coding region, the stop codon, 196 bp of 3' non- 
25 translated DNA, the polyA site and 1,153 bp of 3 ' non- 
transcribed sequence) . pCGN451 also provides the right T- 
DNA border. 

The resulting plasmid pCGN4 51 having the ocs 5' and 
the ocs 3 ' in the proper orientation was digested with EcoRl 
3 0 and the fTcoRI fragment from pCGN55l containing the intact 
kanamycin resistance gene inserted into the EcoRl site to 
provide pCGN552 having the kanamycin resistance gene in the 
proper orientation . 




This ocs/KAN gene was used to provide a selectable 
marker for the trans type binary vector pCGN587. 

The 5' portion of the engineered octopine synthase 
promoter cassette consists of pTiA6 DNA from the Xhol at bp 
5 15208-13644 (Barker's numbering), which also contains the T- 
DNA boundary sequence (border) implicated in T-DMA transfer. 
In the plasmid pCGN587, the ocs/KAN gene from pCGN552 
provides a selectable marker as well as the right border. 
The left boundary region was first cloned in M13mp9 as a 

10 HindLUl-Smal piece (pCGN502) (base pairs 602-2213) and 
recloned as a KpnI-EcoRl fragment in pCGN565 to provide 
pCGNSSO* PCGN565 is a cloning vector based on pUCS-Cm, but 
containing pUCia linkers- pCGNSSO was linearized with BamHI 
and used to replace the smaller Bylll fragment of pVCK102 

15 (Knauf and Nester, Plasmid (1982) 8:45), creating pCGN585, 
By replacing the smaller Sail fragment of pCGN585\with the 
Xhal fragment from' pCGN552 containing the ocs/KAN gene, 
PCGN587 was obtained. ./..V 

The pCGN5^94 iifindlll-BamHI region,, whichi contains an 

2 0 5 ' -ocs-kaffkmyein-ocs-3 ' (ocs is octopine -syntha with 5^ 
designating the promoter region and 3' the teirminator 
region, "seef U. S , application serial no;.- 775 ,923 , filed 
September 13, 1985) fragment was replaced with the Hindlll- 
BamHl polylinker region from pUClS* 

25 pCGN566 contains the rcoRI-Hindlll linker of pUC18 

inserts into the £:coRI-HindIII sites of pUC13-Cm. The 
Hindlll-Bgill fragment of pNW31C-8 , 29-1 (Thomashow et. al . , 
Cell (1980) 19:729) containing ORFl and -2 of pTiA6 was 
subcloned into the ifindlll-BamHI sites of pCGN566 producing 

30 pCGN703. 

The Sau3A fragment of pCGN703 containing the 3' 
region of transcript 7 (corresponding to bases 2396-2920 of 
pTiA6 (Barker et al . , (1983) supra) was subcloned into the 



BajoHl site of pUClS producing pCGN709. The ZcoRI-Snal 
poly linker region of pCGN709 was substituted with the ZcoRI- 
Sjnal fragment of pCGN587, which contains the kaTiamycin 
resistance gene (APH3-11) producing pCGN726- 
5 The £coRI-SaII fragment of pCGN726 plus the Bylll- 

ZcoRI fragment of pCGN73 4 were inserted into the BamHI-Sall 
site of pUCS-Cm producing pCGN7 38. pCGN726c is derived from 
pCGN7 3 8 by deleting the 900 bp EcoRI^EcoRl fragment. 

To construct pCGN167, the AIuI fragment of CaMV (bp 
10 7144-7735) (Gardner et al • , WucI . Acid Res. (1981) 9:2871- 
2888) was obtained by digestion with AluI and cloned into 
the Hindi site of M13mp7 (Messing et Nucl . Acids Res. 

(1981) 5:309-321) to create C614. An EcoRl digest of 0614;. 
produced the ScoRI fragment from C614 containing the 25S 
15, promoter which was cloned into the ZcoRI site-of pUCS 

\ (Vieira and Messing, Genfe ; (198?) 19:259) to produce pCGN14,6> 
To trim the promoter region, the Bgill site (bp 
7670) was treated with BqlXT and resected with Bal3l and 
/ subsequently a Bglll linker -Was attached to the BaI31 ^ 

,2 0 treated DNA to produce pQllf l4 7 . e- , ; - , 

pCGN148a containing a promoter region, selectable- 
marker (KAN with 2 ATG^s) and 3' region, was prepared, by 
digesting pCGN528 with and inserting the flamHI-Sglll 

promoter fragment from pCGN147. This fragment was cloned 
25 into the Sglll site of pCGN528 so that the Bglll site was 
proximal to the kanamycin gene of pCGN528. 

The shuttle vector used for this construct, pCGN52 8, 
was made as follows. pCGN525 was made by digesting a 
plasmid containing Tn5 which harbors a kanamycin gene 
30 (Jorgenson et al . , Mol . Gen. Genet. (1979) 177:65) with 
Hindlll-BajDHI and inserting the Hindlll-BamHI fragment 
containing the kanamycin gene into the Ifindlll-BamHI sites 
in the tetracycline gene of pACYC184 (Chang and Cohen, J . 




t 



Bacteriol. (1978) 134:1141-1156). pCGN526 was made by 
inserting the BamHl fragment 19 of pTiA€ (Thomashow et al ♦ , 
Cell (1980) 25:729-739), modified with Xhol linkers inserted 
into the Smal site, into the BamHI site of pCGN525. pCGN528 
5 was obtained by deleting the small Xhol fragment from 
PCGN52 6 by digesting with Xhol and religating. 

pCGN149a was made by cloning the BamHI-kanamycin 
gene fragment from pMB9KanXXI into the BamHI site of 
pCGN148a» 

10 pMB9KanXXI is a pUC4K variant (Vieira and Messing, 

Gene (1982) 15:259-2 68) which has the Xhol site missing but 
contains a functional kanamycin gene from Tn903 to allow for 
efficient selection in Agrohctcterium^ 

pCGN149a was digested with.Bgrlll and Sphl. This 

15 small, Bgl II -SphI fragment of pCGN14 9a was replaced with the 
SainHI^^Sphl fragment from* MI ( see,, below) ^ Isolated by 
digestion with BajnHI and Sphl. This^ produces pCGN167, a 
construct containing a full length CaMV promoter, lATG- 
kanamycin gene, 3' end and the bacterial Tn903-type 

2 0 vkanamy gene. MI is an ZcoRI f r ag^^^ from pCGN54 6X (see 
construction of pCGN5 87) and wasHsloned into the -EcoRI 
A^lQloning site of M13mp9 in such^i^^way that the PstI site in 
-r: the lATG-kanamycin gene was proximal to the poly linker 
region of M13mp9, 

2 5 The ifij3dIII-BajDHI fragment in the pCGN167 containing 

the CaMV-3 5S promoter, lATG-kanamycin gene and the BamHI- 
fragment 19 of pTiA6 was cloned into the BamHI-Hindlll sites 
of pUCl9 creating pCGN976. The 3 5S promoter and 3' region 
from transcript 7 was developed by inserting a 0.7 kb 

30 ffindIIl-£coRI fragment of pCGN976 (35S promoter) and the 0.5 
kb ZcoRI-Sall fragment of pCGN709 (transcript 7:3') into the 
Hindlll-Sall sites of pCGN566 creating pCGN766c. 



- 46 - 



• 



The 0.7 kb HlndlU-EcoRI fragment of pCGN766c (CaiMV- 
3 5S promoter) was ligated to the 1.5 kb EcoKI-Sall fragment 
in PCGN726C (lATC-KAN 3' region) followed by insertion into 
the ifindlll-Sall sites of pUC119 to produce pCGK778. The 
5 2.2 kb region of pCGN778, Hindlll-Sall fragment containing 
the CaMV-3 5S promoter and lATG-KAN-3' region was used to 
replace the Hindlll-Sall linker region of pCGN739 to produce 
PCGN78 3. 

Transfer of the BinaT-y Vect or DCGy948 into Aarobacterium 

10 pCGN948 was introduced into Agrobactarium 

tumefaciens EHAlOl (Hood et al . , J. Bacterial. (1986) 
158 : 1291-1301) ''by transformation. An overnight- 2 ml culture 
of EHAlOl was-gjrown in MG/L broth at 30**C. ^ 0.:5;ml was 
inoculated into IpO ml of MG/L broth (Garf inkel : and Nester, 

15 J, Bacterioa^lT -^^giBHG)): l44f732-743) and grown ^^iri ^ ay 

incubator for = 5>h'at 30''C. The cells were pelleted by 
- centrif ugati'bn at"^ '^^^ resuspended in 1 ml of MG/t broth and 
placed on icev^>v%pproximately , 1 Mg <=>f pCGN94 8 ;p>TA was 
placed in '^M^^jM^pf MG/L broth to which 20,0: ;ii,l^^f the EHAlOl 

20 suspension was' add the tube containing the^DNA-cell mix 
was immedM^Wly placed into a dry ice/ethsTnol bath for 5 
minutes. The tube was quick thawed by 5 minutes in 37**C 
water bath followed by 2 h of shaking at after adding 

1 ml of fresh MG/L medium. The cells were pelleted and 

25 spread onto MG/L plates (1.5% agar) containing 100 mg/1 
gentamicin. Plasmid DNA was isolated from individual . 
gentamicin-resistant colonies, transfoirmed back into E. 
coli, and characterized by restriction enzyme analysis to 
verify that the gentamicin-resistant EHAlOl contained intact 

30 copies of pCGN948. Single colonies are picked and purified 
by two more streakings on MG/L plates containing 100 mg/1 
gentamicin. 



Transf ormatiion and Reg eneratjon of B, Naous 

Seeds of Brass ica. napus cv Westar were soaked in 95% 
ethanol for 4 minutes. They were, sterilized in 1% solution 
of sodiua hypochlorite with 50 *il of "Tween 2 0" surfactant 
per 100 ml sterile solution. After soaking for 4 5 minutes, 
seeds were rinsed 4 times with sterile distilled water. 
They were planted in sterile plastic boxes 7 cm wide, 7 cm 
long, and 10 cm high (Magenta) containing 50 ml of l/lOth 
concentration of MS (Murashige minimal organics medium, 
Gibco) with added pyridoxine (50 t^g/l) , nicotinic acid (50 
Mg/l)r glycine (200 ^g/l) and solidified with 0.6* agar. 
The seeds germinated and were grown at 22 *C in a 16h-8h 
light-dark cycle with thei'^^light intensity approximately- 65 * 
MEm'^s"*. After 5 days the- seedlings were taken under sterile 
conditions and the hypocotyls excised and cut into pieces of 
about 4 mm in length. ^ TKe hypoootyl segments were pTacisd oh 
a feeder plate or without 'the feeder layer on top of a 
filter paper on the solidifieii B5 0/1/1 or B5 0/1/0 mediumr 
B5 0/1/0 medium contains BS'^^-salts and vitamins (Gamborg.;: 
Miller and Ojima, Exp^riir^ktal Cell Res. (1968) SO : I5>?ri58;.) , 
3% sucrose, 2 , 4-dichlorophenoxyacetic acid (1.0 mg/lT,^ pH" 
adjusted to 5.8, and^^the medium is solidified with^'0;^6% 
Phytagar; B5 0/1/^1 is the same with the addition of 1;0 mg/1 
kinetin. Feeder plates were prepared 2 4 hours in advance by 
pipetting 1.0 ml of a stationary phase tobacco suspension 
culture* (maintained as described in Fillatti et al • , 
Molecular General GenGtias (1987) 206:192-199) onto B5 0/1/0 
or B5 0/1/1 medium. Hypocotyl segments were cut and placed 
on feeder plates 24 hours prior to Ag-rojbacterium treatment. 

Agrobacterxum tumefacisns (strain EHAlOl x 94 8) was 
prepared by incubating a single colony of AgroJbacterium in 
MG/L broth at 30»C. Bacteria were harvested 16 hours later 
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and dilutions of 10* bacteria per ml w re prepar d in MG/L 
broth. Hypocotyl segments were inoculated with bacteria by 
placing the segments in an Agrobacterium suspension and 
allowing them to set for 30-60 minutes, then removing and 
5 transferring to Petri plates containing B5 0/1/ l or 0/1/0 
medium (0/1/1 intends 1 mg/1 2,4-D and 1 mg/1 kinetin and 
0/1/0 intends no kinetin) . The plates were incubated in low 
light at 22 ^C. The co-incubation of bacteria with the 
hypocotyl segments took place for 24-48 hours. The 

10 hypocotyl segments were removed and placed on B5 0/1/1 or 
0/1/0 containing 500 mg/1 carbenicillin (kanamycin sulfate 
at 10, 25, or 50 mg/1 was sometimes added at this time) for 
7 days 'in continuous light (approximately 65 /lEM-^^) at 
22**C. '"'The segments were transferred ; to B5 salts medium 

15 conlJkihing 1% sucroise, 3 mg/1 ben?ylamino purine (BAP) and 1 
mg2^^ Veit/ih. This was stSpplemented.^with 500 mg/1 
carbenicillin, 10, 25, or 50 mg/1 kanamycin sulfate, and 
so'lidi^f&d with 0,6% Phytagar (Gibcpy^iv. Thereafter, explants 
were €irinsf erred to fresh medium every -t^ weeks. 

2 0 '^^^-f^^&<^Af ter one month green sh6icxtsi-|tie from green -S^^^t^v 

caili which were selected on media "containing kanamycin. ' 
''''ltib<5ts continued to develop foz^three months. The shoots v^'^ 
'were cut from the calli when they *^ were at least 1 cm high 
and placed on B5 medium with 1% sucrose, no added growth 

25 substances, 300 mg/1 carbenicillin, and solidified with 0.6% 
phytagar-. The shoots continued to grow and several leaves 
were removed to test for neomycin phosphotransferase II 
(NPTII) activity. Shoots which were positive for NPTII 
activity were placed in Magenta boxes containing 35 0/1/1 

30 medium with 1% sucrose, 2 mg/1 indolebutyric acid, 200 mg/1 
carbenicillin, and solidified with 0.6% Phytagar. After a 
few weeks the shoots developed roots and were transferred to 
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soil. The plant were grown in a growth chamber at 22 in a 
16-8 hotirs light-dark cycle with light intensity 220 mEM"^s*' 
and after several weeks were transferred to the greenhouse. 

Southern Data 

5 Regenerated B. napiis plants from cocultivations of 

Agiro±>acteri UJD tumefacxGns EHAlOl containing pCGN948 and B. 
n&pas hypocotyls were examined for proper integration and 
embryo-specific expression of the spinach leaf ACP gene. 
Southern analysis was performed using DNA isolated from 

10 leaves of regenerated plants by the method of Dellaporta et 
al. (Plant Mol . Biol. -Rep, (1983) 1:19-21) and purified once 
by banding in CsCl. DNA (10 /xg) was digested with the 
restriction enzyme ZcoRI, electrophoresed on -a 0.7% agarose 
gel and blotted - to nitrocellulose (see Maniatis- et al . , 

15 (1982) su pra ; ) ' . B lots were probed with pCGN9'4 5? DNA 

containing 1.-8 kbrof the spinach. ACP sequence or with the 
^coRI-ifindlll fra^i^iBnt isolated- from pCGN93 6c (m:atde by 
transferring the= /^indlll-^coRI fragment of .pCGN9^30' into 
pCGN566) con€aiTfti^g the napin 5/ sequences ^libelJe^ with ^^P- 

20 dCTP by nick translation (described by the manufacturer, BRL 
Nick TranS'i>atibn Reagent Kit, Bethesda Re'search 
Laboratories, Gaithersburg, MD) . Blots were prehybridized 
and hybridized in 50% formamide, lOx Denhardt's, 5xSSC, 0.1% 
SDS, 5 mM EDTA, 100 ^g/ml calf thymus DNA and 10% dextran 

25 sulfate "(hybridization only) at 4 2**C. (Reagents described 
in Maniatis et al . , (1982) supra.) Washes were in IxSSC, 
0.1% SDS, 30 min and twice in O.lxSSC, 0.1% SDS 15 min each 
at 55**C. 

Autoradiograms showed two bands of approximately 3.3 
30 and 3.2 kb hybridized in the EcoRl digests of DNA from four 
plants when probed with the ACP gene (pCGN945) indicating 
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proper integration of the spinach leaf ACP construct in the 
plant genome since 3.3 and 3*2 kb EcoRl fragments are 
present in the T-DNA region of pCGN948. The gene construct 
was present in single or multiple loci in the different 
5 plants as judged by the number of plant DNA-construct DNA 
border fragments detected when probed with the napin 5' 
sequences. 

Nortihem Data 

Expression of the integrated spinach leaf ACP gene 
10 from the napin promoter was detected by Northern analysis in 

seeds but not leaves of one of the transformed plants shown 
, , , to contain the construct pKA. Developing seeds were 
, collected from the transformed plant 21 days postanthesis. 

Embryos were dissected from the seeds and frozen in licjuid 
15 .nitrogen. Total RNA waS isolated from the seed embryo^s and C;; 

from leaves of the transfqrmed plant by the method of Crouch 

e-t al . , (198 3) supra, eleqtrophoresed on ^formaldehyde- 

containing 1*5% agarose gels^^ described (Shewmaker et aJ;>v>; 

^J-^ology (1985) 140 : 281-2j:f ) and blotted to nitroceiaiilos^. 
20 (Thomas, Proc . Natl: Acad . -Sex . USA (1980) 77:5201-5205). 

Blots were prehybridized , hybridized, and washed as^,.^ 

described above, . The probe was an isolated Pstl-BdunHI 

fragment from pCGN945 containing only spinach leaf ACP 

sequences labeled by nick translation. 
25 -An RNA band of -0.8 kb was detected in embryos but 

not leaves of the transformed plant indicating seed-specific 

expression of the spinach leaf ACP gene. 

Example 3 

Construction of B. Campestris Napin Promoter Cassette 
3 0 A Bgl II partial genomic library of B. campestris DNA 

was made in the lambda vector Charon 35 using established 
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protocols (Maniatis et al . , (1982) supra). The titer of the 
amplified library was -1..2 x 10^ phage/ml- Four hundred 
thousand recombinant bacteriophage were plated at a density 
of 10^ pre 9 X 9 in. NZY plate (NZYM as described in 
5 Maniatis et al . / (1982) supra) in NZY + 10 mM MgSo4 + 0.9% 
agarose after adsorption to DHl Z- colx cells (Hanahan, Mol . 
Biol. (1983) 155:557) for 20 min at 37«C. Plates were 
incubated at 37<*c for -13 hours, cooled at 4*C for 2.5 hours 
and the phage were lifted onto Gene Screen Plus (New England 

10 Nuclear) by laying precut filters over the plates for 

approximately 1 min and peeling them off. The adsorbed 
phage DNA was immobilized by floating the filter on 1,5 M 
NaCl, ();5 M NaOH for 1 min., neutralizing in 1.5 M NaCl, 0.5 
M Tris-HCl, pH 8.0 for 2 min and 2XSSC:for 3 min. Filters 

15 were-' air dried until just damp, prehybridized and hybridized 
at 42 •'.e -^as 'ciescribed fot Southern analysis v Filters were 
probed for napin-containing clones .using an Xhol-Sall 
fragment of the cDNA clone BE5 which w^^s :isolated from the 
B. camp&stris seed cDNA library descriiied using the probe 

20 pNi^vf^rduch et al . , (1983) supraV v> JT^ were 

hybriciized strongly on duplicate filters and were plaque 
^purified as described (Maniatis^et -al . , (1982) supra). 

One of the (Clones named lambda CGNl-2 was 
restriction mapped/ and the napin gene was localized to 

25 overlapping 2.7 )cb Xhol and 2 . 1 kb Sail restriction 

fragments. The ycwo fragments were subcloned from lambda 
CGNl-2 DNA into/pCGN789 (a pUC based vector the same as 
pUC119 with the noirmal polylinker replaced by the synthetic 
linker - 5' GGTLATTCGTCGACAGATCTCTGCAGCTCGAGGGATCC^ 3' 

30 (which represents the poly linker EcoRl , Sail, Bglll , Pstl , 
Xhol, BamHI, /Hindlll) . The identity of the subclones as 
napin was confirmed by sequencing. The entire coding region 



- 52 - 



sequence as well as ext^ensive 5' upstreeun and 3' downstream 
sequences were determined (Figure 2) - The lambda CGNl-2 
napin gene is that encoding the mRNA corresponding to the 
BE5 cDNA as determined by the exact match of their 
5 nucleotide sequence. 

An expression cassette was constructed from the 5'- 
end and the 3 '-end of the lambda CGNl-2 napin gene as 
follows in an analogous manner to the construction of 
pCGN944. The majority of the napin coding region of pCGN940 
10 was deleted by digestion with Sail and religation to form 

pCGNlSOO. Single-stranded DNA from pCGNlSOO was used in an 
In vitro mutagenesis reaction (Adelman et al • , DNA (1983) 
2 : 183-193) ^susing the synthetic oligonucleotide 5' 
GCTTGTTCGCCATGGATATCTTCTGTATGTTC 3' . This., oligonucleotide 
15 inserted , an EcoRV and an Ncol. restriction; site at the 

junction, of the promoter' region and thei^ATG start codon of 
the napin gene. An appropriate mutant was yident if ied by 
hybridization to the oligonucleotide used ,f or the 
mutagenesis;,;:and sequence analysis and named >pCGN1801 . 

2 0 A ,l/.^7 )cb promoter fragment was ; s.ubcloned from 

pCGNlSOI by partial digestion with EcoRV and ligation to 
pCGN7.86 (a pCGN566 chloramphenicol based vector with the 
synthetic linker described above in,. place of the normal 
polylinker) cut with £:coRI and blunted by filling in with 
25 DNA Polymerase I Klenow fragment to create pCGN1802. 3' 
sequences from the lambda CGNl-2 napin gene were added to 
AThoI-ffindlll digested pCGN1802 from pCGN941 digested with 
Xhol and Hindlll. The resulting clone, pCGN1803, contains 
approximately 1.6 )cb of napin 3 ' -sequences as well as 

3 0 promoter sequences, but. a 3 26 nucleotide ffindlll fragment 

normally found at the 3 ' -end of lambda CGNl-2 is inserted 
opposite to its natural orientation. As a result, there are 
two ifindlll sites in pCGN1803. This reversed fragment was 
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removed by digestion of pCGN1803 with Hiiidlll. Following 
religation, a clone was .selected which now contained only 
approximately 1*25 kb of the original 1.6 napin* 3 ' -sequence . 
This clone, pCGN1808, is the lambda CGNl-2 expression 
cassette and contains 1.725 )cb of napin promoter sequence, 
and 1,265 )cb of napin 3' sequences with the unique cloning 
sites Sail, Bg-il, PstI, and Xhol in between. Any sequence 
that requires seed-specific transcription or expression in 
Br^ssica, for example, a fatty acid gene, can be inserted in 
this cassette in a manner analogous to that described for 
spinach leaf ACP and the B. napus napin cassette (see 
Example 2) • 

PCGK3223 Napin-. Expression Cassette 7 • . 

pCGN18 08 ^is modified to contain flanking, restriction 
sites to. allow : movement of only the expression .sequences and 
not the antibiotic resistance marker to binary .vectors such 
as PCGN1557 (McBride and Sumanerfelt (1990) PI, Hoi. Biol. 
r4 : 269-276). Synthetic oligonucleotides containing iTpn I, 
Notl and ifindlllv restriction sites are annealed , and ligated 
at the unique ifindlll site of pCGN1808, such ,thafe^ one 
-ffindlll site^is^ recovered. The resulting ^plasjaid, pCGN3200 
contains unique . Hindlll , tiatZ and Kpnl restr^iction sites at 
the 3 ' -end. of ; the napin 3 ' -regulatory sequences as confirmed 
by sequence analysis. 

The majority of the napin expression cassette is 
subcloned from pCGN3 2 00 by digestion with ffindlll and Sad 
and ligation to /findlll and Sad digested pIC19R (Mar^h, et 
ai . (1984) Gene 32:481-485) to make pCGN3212. The extreme 
5 '-sequences of the napin promoter region are reconstructed 
by PGR using pCGN3 2 00 as a template and two primers flanJcing 
the Sad site and the junction of the napin 5 '-promoter and 
the pUC backbone of pCGN3200 from the pCGN1808 construct. 
The forward primer contains Clal, Hindlll, WotI, and Kpnl 



restrict! n sites as well as nucleotid s 408-423 of the 
napin 5'*sequence (from the J?coRV site) and the reverse 
primer contains the complement to napin sequences 718-739 
which include the unique SacI site in the 5 '-promoter. The 
5 PGR was performed using in a Perkin Elmer /Cetus thermocycler 
according to manufacturer's specifications- The PGR 
fragment is subcloned as a blunt-ended fragment into pUC8 
(Vieira and Messing (1982) Gene i2: 259-268) digested with 
Hindi to give pCGN3217. Sequence of pCGN3217 across the 

10 napin insert verifies that no improper nucleotides were 

introduced by PGR. The napin 5-sec[uences in pCGN3 217 are 
ligated to the remainder of the napin expression cassette by 
digestion with Clal and SacI and ligation to pGGN3212 
digested with Clal and Sad. The resulting expression; 

15 cassette- pCGN3221, is digested with Hindlll and the napin 
expression sequences' are gel purified away and ligated : to ' 
pIC2 0H (Marsh, supra) digested with Hindlll. The final 
expression cassette iS'pCGN3223, which contains in an. r 
ampicillin resistant background, essentially identical -1^725 

2 0 napin 5' and 1.2 65 - 5 sequences as found -^n v.. 

pCGNlSOS. The regiil^tdry regions are flanked with^ffindlll , 
Notl and Kpnl restriction sites and unique Sallfc/Bgilll, 
PstI, and Xhol cloning sites are located between the 5' and 
3' noncoding regions. 



25 . gxampJte 4 

Isolation of Other Seed Specific Promoters 
Other sei&d-specif ic promoters may be isolated from 
genes encoding yproteins involved in seed triacylglycerol 
synthesis, such as acyl carrier protein from Brassica seeds. 
^0 Immature seecLs were collected from Brassica camp&stris cv. 
"R-500," a self-compatible variety of turnip rape. Whole 
seeds were c/ollected at stages corresponding approximately 

- 55 - 



JO 



to 14 to 28 days after flowering, /rna isolation and 
preparation of a cDNA bank was as/described above for the 
isolation of a spinach ACP cDNA /clone except the vector 
used was pCGN565, To probe the ycDNA bank, the 
oligonucleotide ( 5 ' ) -ACI^TTCTCAACTGTCTCTGGTTTAGCAGC- ( 3 ' ) was 
synthesized using an Applied Biosystems DNA Synthesizer, 
model 380A, according to manufacturer's recommendations. 
This synthetic DNA molecule will hybridize at low 
stringencies to DNA or RNA sequences coding for the amino 
acid sequence (ala-ala-lysy^^ro-glu-thr-val-glulys-val) . 
This amino acid sequence has been reported for ACP isolated 
from seeds of Brassica napus (Slabas et al . , 7th 
//International Symposium of the; Structure and Function of 
Plant Lipids, University of ' Calif ornia, Davis, CA, 1986); 
ACP from. B. cajnpestris /seed is. -highly homologous. 
• Approximately 2200 dif/xerent, cDNA clones were analyzed using 
a. colony hybridization technique (Taub and Thompson, Anal. 
Biochem. (1982) , 125: 222-230) and/ rhybridiz at ion „ conditions 
r cor-responding to' Woq4 et al . CJ??"0.c* Natl. Acad. Sci . (1985) 
.,:48^ : 1585-1588) . DNA / sequence >4Aaly sis of two cDNA clones i 
'Showing obvious hybridization- to the oligonucleotide probe v- - 
.indicated that one/ designated pCGNlBcs, indeed coded for; an 
ACP-precursor protein by the considerable homology of the 
encoded amino acia sequence with ACP proteins described from 
Brassica napus (Slabas et al . , 1980 supra). Similarly to 
Example^ 3, the A^P cDNA clone, pCGNlBCS, was used to isolate 
ACP genomic clo/es containing the regulatory information for 
expression of a/cP during tr iacylglyceride synthesis in the 
seeds. DNA was isolated from S. campestris cv. R500 young 
leaves by the rorocedure of Scofield and Crouch {J. 
Biol .Chem. (1987) 252:12202-12208). A 5au3A partial genomic 
library of th/e B- camp^stris DNA was made in the lambda 
vector E^mbl ^ (Stratagene, San Diego, CA) using established 
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protocols (Maniatis et ai . , (1982) supra) and manufacturer's 
instructions. The titer of the library was -l.OxlO* 
phage/ml. Six hundred tho^and recombinant bacteriophage 
were plated and screened/as described in Example 3 with the 
exception that the E. aoll host cells used were strain P2 39 2 
(Stratagene, San Dieoo/ CA) . Filters were prehybridized and 
hybridized at 42 Jlti 25 ml each of hybridization buffer 
containing 50* formamide, lOX Denhardt's, 5X BSC, 5 Mm EDTA, 
0.1% SDS, and lOO ^g/inl denatured salmon sperm DNA (reagents 
described in Maniatis et al . , (1982) supra). The probe used 
in these hybr/dizations was 0.2 /xg of a nick-translated 530 
base pair Bodll-^Dral fragment of pCGNlBcs, the B. c^mp&strls 
ACP cDNA c I/one described above. Six^plagues were hybridized 
strongly an duplicate filters after w:ashing the filters at 
55**^C :in y . IX SSC/0.2% SDS, and were plaque-purified as 
describqid- (Maniatis et ai . , ( 1982 )c: supra) . 

Restriction analysis followed; by Southern 
hybridization was performed on some of :the clones using the 
hybridization conditions and radiolabe^ied probe described 
above^; One clone, Bcg4-4, contains -the ACP gene on two 
dveriapping restriction fragments"/'" an -5 . 1 kb SstI fragment 
:and an -1.2 kb HlndlU fragment.:. .These restriction 
fragments were subcloned into the cloning vector pCGN565, 
The DNA sequence of some regions of the subclones verified 
by homology that Bcg4-4 is an ACP gene. The sequence also 
shows that this particular ACP gene is expressed in plants, 
as the sequence in the coding region matches exactly tiie 
sequence of the PCGNLBcs ACP cDNA except for three regions. 
These regions are believed to be intervening sequences, a 
common element of eukaryotic genes that is spliced out 
during processing of mRNA (Padgett et ai . , Ann. Rev, 
Biochem. (1986) 55:1119-1150), Further restriction mapping 
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of the SstI subclone identified an Xhol fragment containing 
-1.5 )cb of 5' secjuence upstream from the Xhol site near the 
5' end of the PCGNLBCS cDNA clone- This Xhol fragment was 
subcloned in opposite orientations in the cloning/ sequencing 
5 vector Bluescript + (Stratagene, San Diego, OA) and the 
clones were designated pCGN1941 and pCGN1941'. DNA 
sequencing of 1 }cb of the DNA upstream of the coding region 
was completed. Also, the complete sequence of the 1.2 kb 
Hindlll subclone described above was determined. The DNA 

10 sequence derived from the clones described above is shown in 
Figure 3. Additional sequences at the 3' end of the AGP 
gene were subcloned on an -1.6 kb Sstl-Bglll fragment into 
Bluescript + and Bluescript • (clones are designated 
PCGN194 0 and' pCGN1940' ) . The SstI site in these clones is 

15 the one found at the 3' end of the ACP coding region of 
PjZGNlBcsV'' ' ' ' ' . 

An expression casset^te can be constructed from the 
5' upstream secjuences and downstream sequences of Bcg4-4 

as follows. TKe ?CGN1941 Arhol subclone is used for the 5' 
.... P / ... 

2 0 regulatory region. This clone contains the Xhol insert xn 

the opposite orientation /of the lacZ gene. The 3' 

regulatory region is alTO^®^^ allow- -cloning as a Pstl- 

Bgill^fragment into >^CG^5 6 5 by oligonucleotide site-directed 

mutagenesis. Single-stranded DNA is made from pCGN1940 and 

25 altered by mutagenesis as described (Adelman et al . , supra.) 

with the synthetic oligonucleotide 5' 

CTTAAGAAGTAACCCGGGCTCJCAGTTTTAGTATTAAGAG 3'. This 

oligonucleotide provides Smal and PstI restriction sites 

just after the TAA stop codon of the pCGNlBcs cDNA. The 

30 Pstl-Sglll 3' fragment is then cloned into the PstI and 

SamHI sites (the BamHI restriction site is destroyed in this 

The resulting clone is digested with 

PstI and Smal, anfl the fragment inserted into the 
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corresponding sites xn PCGN1941 (described above) in the 
same orientation as /the 5' region. The resulting clone 
comprises the ACP expression cassette with PstI, EcoRl , and 
EcoRV sites available between the 5' and 3' regulatory 
regions for the cyloning of genes to be expressed under the 
regulation of these ACP gene regions. 

Exapple ? 

Isolation of Seed-spec ific cDNA Clone. EA9 
Ninety-six clones from the 14-28 day postanthesis S. 
cajnpestris seed cDNA library (described in the previous 
example) were screened by dot blot hybridization of miniprep 
DNA on Gene Screen Plus nylon filters (NEN Research 
Products, Boston /V MA) . The probes used were raddoactively 
labeled first-strand synthesis cDNAs made from,. the day 14-28 
postanthesis seed inRNA o from B. campestris -leaf ^JrtRNA. 
Clones which hybridized strongly to seed cDNA, and , little or 
not at all to leaf . cDWA were catalogued. A number of clones 
were identified as-^^representing the seed storage :prptein 
napin by cross-hy]Br>idization with an -X'ho I -Sail^^ fragment of 
pNI ( Crouch/ e t: al, , (1983) supra) , a S. napus haipin cDNA. 
One of these :riap in clones, BE5, was used in- Example 3 to 
identify a B\ campestris genomic clone as a source of an 
embryo-specific promoter. 

Another abundant class of cDNA clones were those 
represented by a clone designated EA9 . EA9 cross-hybridized 
to seven other cDNA clones of 600 cDNAs screened by dot blot 
hybridization and was highly expressed in seeds and not in 
leaves. Northern blot analysis of mRNA isolated from day 14 
postanthesis whole seed, and day 21 and 28 postanthesis 
embryos using a 700 bp EcoRI fragment of EA9 (see below) as . 
a probe shows that EA9 is highly expressed at day 14 and 
expressed at a much lower level at day 21 and day 28 




postanthesis. Because the embryo is so small at day 14, it 
was suspected that the predominant expression of EA9 might 
be in a tissue other than the embryo- Total RNA was 
isolated (Crouch et al., (1983) supra) from whole seed (14, 
5 15, 17 and 19 days postanthesis) , seed coats (day 14 and day 
21 postanthesis) and embryos (day 21 postanthesis) . Twenty- 
five Mg of each sample were analyzed by Northern blot 
analysis as described in Example 2* The probe used was a 
0.7 kb EcoRl DNA fragment isolated from the EA9 cDNA and 

10 labeled by nick-translation. The results of the Northern 
analysis showed the EA9 RNA was detected in whole seed at 
all times tested and in seed coats, but not in the embryo. 
A separate Northern analysis of whole seed RNA from days 13 
through day 31 postanthesis ( in two day intervals) indicated 

l5 that EA9,was highly expressed between days 13 to 21 but: was 

• ^ barely detectable by day* 27 postanthesis. - " 

• ' In Situ Hybridization - 

* Seed-coat specific expression of EA9 was confirmed r-' 

by In situ hybridization^^^^analysis . Day 14 and 21 - ' .r-v^ 

20 postanthesis whole seeds, of S. campestris were fixed; in a 4% 
paraformaldehyde phosphate buffered saline (PBS) sblution. 
The tissue was then dehydrated through a graded tertiary- 
butyl alcohol (TBA) series, infiltrated with paraplast and 
cast into paraffin blocks for sectioning (Berlyn and 

25 Miksche^ Botcmical Microtechnique and Cytochemistry (1976), 
Iowa State University Press) . Five /xm longitudinal sections 
of the embedded seeds (one cell-layer thickness) were 
generated on a Reichert Histostat rotary microtome. The 
paraffin ribbons containing the seed sections were then 

30 affixed to gelatin-chrome alum subbed slides (Berlyn 
Miksche^ (1976) supra). 
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single-stranded radiolabeled RNA probes were made 
using the Riboprobe reaction system (Pr omega, Madison, WI) . 
This system utilizes a vector which is derived from pUC12 
and contains a bacteriophage SP6 promoter which lies 
5 immediately upstream from an M13 poly linker. First, the 7 00 
bp EcoRl fragment was isolated from EA9 and subcloned into 
the polylinker region of the riboprobe vector in both 
orientations (sense and anti-sense) . To generate a template 
for the transcription run-off transcription reactions, the 
10 recombinant plasmids were propagated, purified, and 

linearized with ffindlll- The templates were then incubated 
in a reaction mixture containing the SP6 RNA polymerase, 
/triphosphates and ^^S-UTP (as described by the 
•"manufacturer). After adding RQ DNase ( Pr omega ) , the labeled 
15 RNAs were run over Boehringer pre-packed Sephadex spin 
V . columns to remove unincorporatiad" triphosphates . 

The slides containing the sectioned seeds were 
hybridized with- the radiolabeled sense and anti-sense RNA 
' 'tiranscripts of EA9 according to the methods of Singer et al . 
'iO^>y^^(rBio techniques (1986) 4.- 23 0'r241) and Taylor and Martineau — 

(Plant. Physiol. (198 6) 82:613-618). The hybridized slides ^ 
r ^ - - were then treated with nuclear track emulsion NTB-3, ; 

(Eastman Kodak Company, Kodak Materials for Light Microscope 
Autoradiography, 1986) sealed in a light-tight box and 
2 5 exposed for 4 weeks at 5-10 *C. After bringing the slides to 
room temperature they were developed in D-19 developer 
(Eastman Kodak Company) , rinsed, fixed and dehydrated, 
through a graded alcohol series. Cover slips were mounted 
with cytoseal (VWR Scientific) . 
30 Hybridization of the radiolabeled anti-sense EA9 

riboprobe was seen only in the seed coat tissue of both day 
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14 and 21 seeds. No hybridization of the radiolabeled sense 
EA9 riboprobe was seen in any seed tissues. 

DNA Sequence and Gene Copy Numh^r 

The restriction map and sequence of the EA9 cDNA 
clone have been determined (Figure 4) • Identification of a 
polyadenylation signal (Proudfoot and Brownlee, Nstture 
(1976) 262:211-214) and of polyA tails at the 3'-end of EA9 
indicated the orientation of the cDHA clone and the 
direction of transcription of the mRNA. The function of the 
encoded protein is unknown at this time* 

EA9 s a member of a small gene family as shown by 
Southern, blot analysis, DNA was isolated from B, campestris 
leaves (as described in Example I, Southern analysis), 
digested, with either BajnHI , Bglll or ffljidlll and probed with 
a labeled fragment of Eft9 • Three fragments- of genomic DNA 
hybridized in both BamHI and Sglll digests; Only 2 bands 
hybridized in the ffiudlll digest. The ...data- suggests that the 
EA9 family comprises between one and three genes. 

.vThe sequence of EA9 is used; • to; synthesize a probe 
which identifies a unique class OtBrassica seed-specific 
g^n€ss from a genomic library in. thfe. manner described in 
Examples II and III. The regulatory sequences of these 
genes is used to construct an expression cassette similar to 
those described for the napin genes, with the EA9 construct 
directing seed coat specific expression of any gene inserted 
in it. 

Example 6 
Other Seed Specific Examples 
Other seed-specific genes also can serve as useful 
sources of promoters. cDNA clones of cruciferin, the other 
major seed storage protein of B. napus , have been identified 



(Simon et, ai . , (1985) supra) and could be used to screen a 
genomic library for promoters. Without knowing the specific 
functions, yet other cDNA clones can be classif^ied as to 
their level of expression in seed tissues^ their timing of 
5 expression (i.e., when postanthesis they are expressed) and 
their approximate representation (copy number) in the B. 
campestris genome. Clones fitting the criteria necessary 
for expressing genes related to fatty acid synthesis or 
other seed functions can be used to screen a genomic library 
10 for genomic clones which contain the 5' and 3 'regulatory 

regions necessary for expression. The non-coding regulatory 
regions can be manipulated to make a tissue-specific 
expression cassette in the general manner described for 
other genes in previous examples. 
15 : Example 7 

- Construction of *Tomato Rioe Fruit ^cDNA. Bank 
and Screening for Fruit-Specific Clones 
Tomato :plants (Lyaopersicon esculentum cv UC82B) 
were grown under greenhouse conditions. Poly (A) '^RNA was 
20 isolated as described by Mansson et al > -^Afol Gen. Genet. 
(1985) 200:356-361. The synthesis of cDNA ^from poly (A) 
prepared' from ripe fruit, cloning intd the PstI site of the 
plasmid pUC9 and transformation into an E. coll vector were 
all as described in Mansson et al . , Moi . Gen. Genet. (1985) 
25 200:356-361. 

Library .Screening 

Two thousand recombinant clones were screened by 
colony hybridization with radiolabeled cDNA made from tomato 
red fruit mRNA, immature green fruit mRNA, and leaf mRNA. 
30 Bacterial colonies immobilized onto GeneScreen Plus filters 
(New England Nuclear), were denatured in 1.5 M NaCl in 0.5 M 
NaOH, then neutralized in 1.5 M NaCl in 0.5 M Tris-HCl pH 8, 
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and allowed to air dry. Hybridization, washing and 
autoradiography were all performed as described in Maniatis 
et al., Molecular Cloning: A Laboratory Manual (1982) Cold 
Spring Harbor, New York. 
5 Sixty-five clones were selected which had more 

intense hybridization signals with fruit cDNA than with leaf 
cDNA and therefore appeared to be under-represented in the 
leaf mRNA population relative to the fruit population. 
Replicate slot blot filters were prepared using purified DNA 
10 from the selected clones and hybridized with radioactive 

cDNA from leaf, green fruit, and red fruit as before. This 
allowed selection of cDNA clone 2A11, also referred to as 
pCGN1299 which is on at high levels in both the fruit stages 
(red and green) arid off in the leaf. 

15 ^ V'Vf. ^ Example 8 i / . 

Analysis of Clones 
Synthesis of RNA Probed - ■ 

The cDNA inser^t'' bf pCGN12 99 was excised as an^ircoRI 
to ifindlll fragment'^of approximately 600 bp j( as. measured on 

20 an agarose gel) /"and subcloned into the Riboprobe vector 
pGEMl ( Pr omega'' %iotec) , creating pCGN488. ^^P^labeled 
transcripts made from each strand of the pCGN488. insert 
using either SP6 or T7 polymerase were used as probes in 
separate Northern blots containing mRNA from leaf, immature 

25 green and mature red fruits. The RNA transcript from the 

SP6 promoter did not hybridize to the tomato mRNA. However, 
the transcript from the T7 promoter hybridized to an mRNA of 
approximately 700 nt in length from the green fruit and the 
red fruit but not to mRNA from tomato leaf. The direction 

3 0 of transcription of the corresponding mRNA was thus 
determined. 
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The tissue specificity of the pCGN1299 cDMA was 
demonstrated as follows. RNA from root, stem, leaf, and 
seven stages of fruit development (immature green, mature 
green, breaker, turning, pink, light red, and red) was sized 
on formaldehyde/ agarose gels according to the method 
described by Maniatis et al . , (1982J, immobilized on. 
nitrocellulose and hybridized toJ«p-labeled RNA which was 
synthesized ia vitro from pCGN488 using T7 polymerase. Each 
lane contained 100 ng of polyA* RNA except for two lanes 
(pink and light red lanes) which contained 10 ng of total 
RNA. The Northern analysis of mRNA from ^oot, stem, leaf, 
: 13 and various stages of fruit development indicated that 

;^ ... .. pCGN1299 cDNA was expressed in all stages of fruit 
(.3 development from the early stages immediately after anthesis 

jU 15 to red ripe fruit. No mRNA hybridizing to pCGN1299 was 
in , found in leaf, stem, or root tissue. The size of the mRNA 

6 \_ species hybridizing to the pCGN488 probe was approxima:tely 

. . 700 nt. 

iu ^- ^c,- Message abundance corresponding to the pCGN1299 cDNA 

.20. was determined by comparing -the hybridization intensity o'f""a 
known amount of RNA ..synthesized In vitro from pCGN4 88 iisihg . 
SP6 Dolvmerase to niRNA from red tomato fruit in a N.qrthern 
blot. The ^*js-labeled transcript from pCGN488 synthesized xn 
vitro using T7 polymerase was used as a probe. The Northern 
25 analysis was compared to standards which indicated that the 
pCGN1299- cDNA represents an abundant mRNA class in tomato 
fruit, being approximately 1% of the message. 
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Example 9 
S^quenciTiq of DCG N1299 and 
pCGN1298 gPMA Clones 

DNA SecruencinQ 

5 The polyA* sequence was missing from pCGN12 99 cDNA* 

A longer cDNA clone, pCGNl298, therefore was identi"fied by 
its hybridization with the pCGN488 probe. The complete DNA 
sequence of the two cDNA inserts was determined using both 
Maxam-Gilbert and the Sanger dideoxy techniques and is as 

10 follows. The sequence of pCGN1298 contains additional 

sequences at both the 5' and 3' end compared to pCGN1299. 
As shown in Figure 8, the sequences are identical over the 
region that the two clones have in common. 
Amino Acid Sequence 

15 The pCGN1299 cDNA sequence was translated in three 

frames. The longest open reading frame (which starts from 
tfie first ATG) is indicated. Both 'pCGN1299 and pCGN1298 
have an open reading frame which, encodes a 9 6 amino acid 
polyp*e]E5tide (see Figure 8) . The protein has a hydrophobic 

20 VN-tejnninus which may indicate.a. leader peptide for protein 
. .targeting. A hydrophobic ity prptiie^^^^^^ calculated using 
:;:':;t:hi'Hopp and woods, fProc , N atl , Acad . Sci . USA (1981) 

78:3824-3828) algorithm. Residues 10-23 have an extremely 
hydrophobic region. A comparison of 2A11 to pea storage 

25 proteins and other abundant storage proteins is shown in 

Figure 6. The sulfur-rich composite of the fruit-specific 
protein is similar to a pea storage protein which has 
recently been described (see Higgins et al . , J. Biol. Chem. 
(1986) 251:11124-11130, for references to the individual 

30 peptides) . This may indicate a storage role for this fruit- 
specific protein abundant species. 
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Example 10 
ScTeenina Genomic Library 
for Genomic Clones 
Sou-thern Hvbr idizatiion 

Sou-thern analysis was performed as described by 
Mania-tis et al,, 1982. Total tomato DNA from cultivar UC82B 
was digested with EcoRl or HlndlZZ, separated by agarose gel 
electrophoresis and transferred to nitrocellulose* Southern 
hybridization was performed using a ^^-labeled probe 
produced by nick translation of pCGN488 (Maniatis et al • , 
1982) • The simple hybridization pattern indicated that the 
gene encoding pCGN12.99 cDNA was present in a few or perhaps 
even one copy in a^ tomato genome. 
Isolation of a Genomic Clone 

A- genomic library established in Charon3 5/Sau3A 
constructed from DNA of the tomato cultiyar > VFNT-Cherry was 
scf-eehed; -using the [^P-]-RNA from cDNA. clone pCGN488 as a 
probe. A -genomic clone containing approximately 12.5 kb of 
sequence! :'f rom the tomato genome was isolated. The region 
which hi^bridizes to a pCGN488 probe spans- an Xbal 
restrictfbn site which was f ound ^in- thev cDNA sequence and 
iWciudds- the transcriptional initiation region designated 
2 All . 

Seoruence of Genomic Clone 

The DNA sequence of the genomic clone was determined 
by Sanger dideoxy techniques and is as shown in Figure 7. 
The sequence of the genomic clone is identical to the 
pCGN1299 cDNA clone over the region they have in common. 



Subclonina 

The region surrounding the Xteil restriction site, 
approximately 2,4 kb in the 5' direction and approximately 
2.1 )cb in the 3' direction was subcloned to provide an 
expression cassette. The 5' Xhol Xo Xbal fragment and the. 
3 ' Jfl^al to EcoRl fragment from the 2A11 genomic clone were 
inserted into a pUC-derived chloromphenicol plasmid 
containing a unique Xhol site and no Xhal site. This 
promoter cassette plasmid is called pCGN1273 . 

Example H 
Construction of Fruit* 
Specific Antisense Cassette 
Insertion of Antisense Fragment 

The 2A11' genomic fragment was tagged with PG 
antisense sequences 'by in^sertion of PG into the unique Xbal 
site of the pCGNi27 3 promoter cassette in the antisense 
orientation. The inserted sequences increased the jsize of 
the mRNA over the encidgenous transcript, and thus; the 
expression pattei-h^' Wf the construct could be compared to the 
endogenous gene ^y'"^^ a single Northern hybridizataoh in a 
manner analogous' to the detection of a tuber-specific potato 
gene described by Eckes et al . , Mol . Gen. Genet. 1986 
205: 14-22. 

Example 12 

Insertion of Tagged Genomic Construction 
Into Agrobacterium Binary Vectors 
The tagged genomic construction is excised using the 
flanking Xhol restriction enzyme sites and is cloned into 
the unique Sail site of the binary plasmid pCGN783 (see 
Example 2 for construction) containing a plant kanamycin 



- 68 - 



• 



resistance marker between the left and right borders to 
provide plasmid pCGNl269; 

This plasmid binary vector in coli C2110 is 
conjugated into A. tujnefaciens containing a disarmed Ti- 
5 plasmid capable of transferring the polygalacturonase 

antisense cassette and the kanamycin resistance cassette 
into the plant host genome. 

The Agrobaaterium system which is employed is A. 
tumefaciens PC2760 (G. Ooms et al . , Plasmid (1982) 7:15-29; 
10 Hoekema et ai • , Nature (1983) 303:179-181; European Patent 
Application 84-200239.6, 2424183). 

Example 13 
Transfer of Genomic Coi^struction 
to Tomato via Cocultivation 

15 Substantially -sterile tomato cotyledon tis;sue is- 

obtained from seedlings . which have been grown at: 24*C, with 
a .16hr/8hr day/night cycle in 100x25 mm petri dishes, 
containing Murashige-Skpog salt medium and 0,8% agar: (.pH 
6.0). Any tomato ,^species may be used, however, ..>here .^,the 

2 0 inbred, breeding ^iA^tx^^-'^^fas UC82B, available from the v-x 

Department of ^v^eget Crops, University of California, 

Davis, CA 95616. The cotyledons are cut into three sections 
and the middle placed onto feeder plates for a 24-ho\ir 
preincubation. The feeder plates are prepared by pipetting 

25 0.5 ml Qf a tobacco suspension culture (10* cells/ml) onto 
0.8% agar medium, containing Murashige minimal organic 
medium (K.C. Biologicals) , 2,4-D (0.1 mg/1) , kinetin (1 
mg/l) , thiamine (0.9 mg./l) and potassium acid phosphate 
(200 mg/l, pH 5.5). The feeder plates are prepared two days 

30 prior t use. A sterile 3 mm filter paper disk containing 
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feeder medium is placed on top of the tobacco cells after 
the suspension cells are. grown for two days. 

Following the preincubation period, the- middle one 
third of the cotyledon sections are placed into a liquid 
5 MG/L broth culture (1*5 ml) of the A. tumefacxens strain. 

The binary plasmid pCGN12 69 is transferred to A- turnGfaciens 
strain 2760 by conjugation or by transformation selecting 
for Gentamicin resistance encoded by the plasmid pCGN1269. 
The cotyledon sections are cocultivated with the bacteria 
10 for 48 hrs. on the feeder plates and then transferred to 
regeneration medium containing 500 mg/1 carbenicillin and 
100 mg/1 kanamycin. The regeneration medium is a K,C. 
Biologicals Murashige-Skoog salts medium with, zeatin (2 ^ 
mg/1) myo-inositol (100 mg/ 1), sucrose (20 g/1) , Nitsch 
15 vitamins and containing 0/8%. 'agar (pH 6.0). In 2-3 weeks,: 
'-' shoots are observed to develop. When the shoots are ^ 
approximately 1.25 cm, they are* excised and transferred to a- 
: Murashige and Skoog medium containing carbenicillin (500 
' 'mg/1) and kanamycin (50 mg/1)' for rooting. Roots develop 
-:20T within 10-12 days. 
-"^^v-.-- Shoots which develop^ -and subsequently root on medi'i ^ ^ 

; > ' containing the kanamycin^^are tested for APH3'II enzymeiv- 
An aminoglycoside phosphotransferase enzyme 
(APH3'II) assay is conducted on putative transformed tomato 
2 5 plants and shoots. APH3'II confers resistance to kanamycin 
and neomycin. APH3 ' II ' s activity is assayed (Reiss et al.. 
Gene (1984) 30:211-218) employing electrophoretic separation 
of the enzyme from other interfering proteins and detection 
of its enzymatic activity by in situ phosphorylation of 
30 kanamycin. Both kanamycin and [7""?] ATP act as substrates 
and are embedded in an agarose gel which is placed on top of 
the polyacrylamide gel containing the proteins. After the 
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enzymatic reaction, the phosphorylated kanamycin is 
transferred to P-81 phosphocellulose ion exchange paper and 
the radiolabeled kanamycin is finally visualized by 
autoradiography. The Reiss et al . , method is modified in 
5 the final washing of the P^8l ion exchange paper by rinsing 
in 0,1 mg/ml of proteinase K* 

Exayipl^ 14 
Construction of Taaaed 2A11 Plasmids 
In Binary V ectors 
10 The compete sequence of the 2A11 genomic DNA cloned 

into pCGN1273 from the Xhol site (position 1 at the 5' end) 
to the EcoRl site (position 4654) is shown in Figure ?• 

pCGN1267:was constructed ; by deleting from pCGN1273 a 
-■ portion of the plasmid polylinJcer - f rom the EcoRV site to the 
15 ' >SaljnHI ^site. Two DNA seqjuences ' were inserted into pCGN1273 
at' the unique Xhetl site {position^2494 ) . This site is in 
the 3 ' non-coding region of the .2 A11L genomic clone before 
'thie^-fpbly A site. ^ 
' ' - . » * ' pCGN1273 was tagged with .360 bp (from base number 1<- 
20'" '^tb' 3 60) from the 5' region of^ the tomato polygalacturonase- 
•^^y-^ (PG) cDNA clone, Fl ( Sheehy : et.-al Mol . Gen. Genet. (1987-) :. 
208:30-36) at the unique Xbal restriction enzyme site^ The 
tag was inserted in the antisense orientation resulting in 
plasmid pCGN1271 and in the sense orientation yielding 

2 5 plasmid -pCGN127 0 . Each plasmid was linearized at the unique 

Sgl II restriction enzyme site and cloned into the binary, 
vector pCGN7 8 3 at the unique SamHI restriction enzyme site. 

pCGNl273 was also tagged with a 0.5 )cb fragment of 
DNA (base number 1626 to 2115) from a PG genomic clone (see 

3 0 Figure 8) which spans the 5' end of intron/exon junction. 

This fragment was cloned into the Xbal site resulting in 
plasmid pCGNl2l5. pCGN1215 was linearized at the unique 



BgrI II site and cloned into pCGN78 3 at the BajoHI site 
resulting in two plasmids, pCGN1219 and pCGN122 0, which 
differ only in the orientation of pCGN1215 within pCGN783. 

Three DNA sequences were inserted into pCGNl2 67 at 
5 the unique restriction enzyme sites (position . 2402 , 2406). 
These sites are in the 3' non-coding region of the 2 All 
genomic clone, 21 bp from the stop codon. The 383 bp Xhal 
fragment from the PG cDNA clone was cloned into the Clal 
site of pCGN1267 after filling in the Xbal and Clal ends 

10 with Klenow and blunt ligation. The fragment in a sense 
orientation resulted in plasmid pCGN1263 and in the 
antisense orientation gave pCGN1262* pCGN1263 was 
linearized:.-.at the unique Bglll site and ..cloned into pCGN783 
at the BamHI- site yielding pCGN1260. pCGN1262 was also 

15 linearized; at- the SgJII site and cloned -into pCGN78 3 at the 
SajnHI site:-resulting in ^:wo plasmids, rGGNA255^ .,,and pCGN1258, 
wtiich differ only in the orientation of pCGlJ1262 in the 
binary vector-^. pCGN783 . v . - 

The ;G.;5 kb fragment of the PG genomic.i:Clone spanning 

20 the intr:pn/exon junction (supra) was cloned into pCGNl267 at 
the Gia-I--site in an antisense direction- yielding plasmid 
pCGN1225. This plasmid was linearized at the Bglll 
restriction enzyme site and cloned in to pCGN78 3 at the 
SainHI site producing two plasmids, pCGN1227 and pCGN1228, 

25 which differ only in the orientation of pCGN1225 in the 
binary vector. 

The Eco7 fragment (base numbers 5545 to 12,823) 
(Barker et ai . , Plant Hoi. Biol. (1983) 2:335-350) from the 
octopine plasmid pTiA6 of A. tujuBfaciens (Knauf and Nester, 

30 Plasmid (1982) 8:45-54) was subcloned into pUC19 at the 
EaoRl site resulting in plasmid pCGN71. A i^sal digest 
allowed a fragment of DNA from bases 8487 to 9036 of the 
Eao7 fragment to be subcloned into the vector ml3 BlueScript 



Minus (Stratagene, Inc.) at the Smal site resulting in 
plasttid PCGN1278. This fragment contains the coding region 
of the genetic locus designated tmr which encodes a 
dimethylallyl transferase (isopentenyl transferase) 
5 (AJciyoshi et al., Proc . Natl . Acad . Sci . USA (1984) S2:5994- 
5998; Barry et al., ibid (1984) 81:4776-4780). An 
exonuclease/mung bean treatment (Promega Biotech) produced a 
deletion on the 5' end of the tmr gene to a point 3 9 base 
pairs 5' of the start codon. The tmr gene from pCGN1272 was 

10 subcloned into the Clal site of pCGN1267. The tmr gene in 
the sense orientation yielded pCGN1261 and in the antisense 
orientation gave plasmid pCGN1266. pCGN1261 was linearized 
at the Bglll site and cloned into pCGN78 3 , at ^ the BamHl site 
resulting >in^ plasmid pCGN1254. pCGN1266. was also linearized 

15 at the Bglll site and subcloned into pCGN783 at the SamHI 
site yielding two plasmids, pCGN1264 and :vpCGN1265 , which 
differ only in the orientation of pCGN1266 in pCGN783. 
Analysis of Expressiop in Tra nsgenic Plants 

Immatut4" green fruit (approximately 3 2:> cm in 

20 length) wa'i harvested from two tomato plants cv. UC82B that 
had been'^'t'r^hs formed with a disarmed Agrobaaterium strain 
contaihlhg pCGNl2 64- Transgenic plants are designated 1264- 
1 and 1264-11. The pericarp from two . fruits of each plant 
was ground to a powder under liquid Nj, total RNA extracted 

25 and polyA* mRNA isolated (as described in Mansson et al • , 
Mol. G^n. Genet. (1985) 200:356-361). Young green leaves 
were also harvested from each plant and polyA* mRNA 
isolated • 

Approximately 19 ^g of total RNA from fruit, 7 0 ng 
3 0 of polyA* mRNA from fruit and 7 0 ng of polyA*^ mRNA from 

leaves from transformed plants 1264-1 and 1264-11 was run on 
a 0.7% agarose formaldehyde Northern gel and blotted onto 
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nitrocellulose (Maniatis et , Molecular Cloning: A 
Laboratory Manual (1982) Cold Spring Harbor, New York) . 
Also included on the gel as a negative control _was 
approximately 50 ng of polyA* mRNA from leaf and immature 
5 green fruit of a nontransf ormed UC82B plant. 

As a positive control and to help in quant itating 
mRNA levels, in vitro transcribed RNA from pCGNl27 2 was 
synthesized using T3 polymerase (Stratagene, Inc.)- 
Nineteen pg and 1.9 pg of this in vitro synthesized RNA were 
10 loaded on the Northern gel. 

The probe for the Northern filter was the l.o kb tmr 
OP^m insert DNA (a ^pnl to S^cl fragment) from pCGNl272 isolated 

- _ .. _ by electroelution from, an . agarose gel (Maniatis^ supra 
m : (1982)) and labeled by . nick translation (Bethesda Research 

. ; .15 Laboratoiry kit) using :a^P dCTP (Amersham) . 

.yiyV The Northern^ fill^er- was prehybridized at 42^**C . f or : 5,^ 

. hrb. in the following solution: 25 ml foirmamide, 12.5 ml-20X 
- . SSC, 2.5 ml 1 M NaP, 5 mlv50X Denhardts, 0,5 ml 10% SDS, 1 
iy.-^>y ^1 250 mM EDTA, 1 ml 10-i?ig^/ml ssDNA and 2 ml H^O* Then ;ohe- 
>:t,4ii-l . 2 0 fifth volume of 50%,-:dextran sulfate and approximately :2v2X 
v-^.»^gv; ' lO'' cpm of the probe> was added and hybridization ^wais-rfdr' 15 

r: '^^ hrs, at 4 2<'C* ^.W-.: - -, ' 

The Northern filter was washed one time in 2X SSC 
and 0.1% SDS at 55* for 20 minutes each wash. The filter 

2 5 was allowed to air dry before being placed with Kodak XAR 

film and an intensifying screen at "70* for two days. 
Northern Results on Transgenic Plants 

The nicked tmr probe hybridized with a mRNA species 
approximately 1.7 kb in length was observed in the total RNA 

3 0 and polyA* mRNA fruit lanes of the Northern blot. This is 

the expected length of the reintroduced 2A11 gene (0.7 kb) 
tagged with the tmr gene (1.0 kb) in the antisense 
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orientation. The level of expression from the reintroduced 
tagged gene is somewhat lower than the level of expression 
of the endogenous 2A11 gene* The level of expression of the 
reintroduced gene in immature green fruit is higher than the 
expression level in leaf tissue with. a small amount of 
hybridizing mRNA in leaf tissue in these transf ormahts . 

g^ampte 

Different Sized 2A11 5^ Regions 
The design of the 2A11 cassette is shown in 
Figure 9, The cassette contains 3.8 kb of DNA 5' of the 
transcriptional start site and the entire 3' region (from 
the TGA stop codon to a site . .2..jO, kb ,3 ' of the poly A 
addition site) of the 2All^gene> Figure 7 shows the 
restriction sites and indicates ,(^^low the representation, of 

.the jgene) the regions of^ the .:2A11^ gene used to construct the . 

:t?A11 cassette. The 2A11 cassette was constructed as 

.follows. ... , 

Transcriptional Initiation Region - 

:i,r: The 5' end of the^, 2AJ-l: cassette was constructed 

starting with an ^coRI sufeolone genomic clone as described v^ ^.^ 
in application PCTUS88/01811 cloned into the £coRI of v ^. 
Bluescript ( + ) (Stratagene) resulting in pCGN1288. This 
clone contains sequences from the ZcoRI site at position 
16 51 in the intron of the 2A11 gene to the TcoRI site 
located 5 Kb upstream of the Xhol site at^position 1 of 
the sequenced region (see Figure 7) . The XMOl fragment from 
position 1 of the sequenced region to the X^Ol site in the 
Bluescript polylinker was deleted creating plasmid pCGN2004 
which contain the 2A11 region from position 1 to position 
1651. The coding region of 2A11 was deleted by treating 
this plasmid with Exonucleaselll/Sl using the commercially 
available Erase-a-Base Kit (Promega Biotec) and sequencing 
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deletion plasmids until one was found which had the coding 
region deleted to position 13 66, The resulting plasiaid, 
pCGN12Sl, had the genomic region from the Xhol site 
(position 1) to position 1366 • The ZcoRI fragment of 
pCGN1288 was then transferred to a chloramphenicol resistant 
plasmid vector, pCGN2 015, to maJce pCGN1231, pCGN26l5 is a 
Cm resistant derivative of the Bluescript plasmid. A 
SstEII/SamHI fragment of pCGN1251 was then transferred into 
BstEll/BamHl digested pCGN1231 to make pCGN123 5 which 
contains the region from the EcoRl site (2.5 )cb upstream of 
the sequenced region) to position 13 66 of the sequenced 
region flanked by the Bluescript polylinker in a Cm 
resistant vector. 

Transcriptional and Trans lational Termination Reaiop 

The 3 ' end of the 2Ail cassette was constructed from 
pCGNi273 (described in APPl'i'cation PCT/US8 8 01811) by 
digesting the plasmid with Pvul -and EcoRl, isolating the 
2:249 bp insert (from position 2402 to 4653), ligating with a 
do^ible-stranded oligonucleotide? c^^^ the sequence 

'^'"shbvm in Figure 7 from the 'BamHI sticky end to a Pvul sticky 
""end into a Bluescript vector ^' which had been digested with"^'"" 

' SajnHI and EcoRI . The resulting plasmid, pCGN1238, contains 
the 3' end of the 2AH gene from the stop codon at position 
2381 to the EcoRl site at position 4653. 
Final Construction 

-Several versions of the 2A11 cassette in different 
vectors with different flanking restriction sites have been 
constructed; maps of the plasmids are shown in Figure 10. 

A cassette containing the 5' and 3' regions of the 
2A11 gene was constructed by ligating the BamHI to EcoRl 
insert of pCGN12 3 8 into pCGN12 3 5 which had been digested 
with BajnHI and Xbal (the Xhal site having been filled in 
with Klenow polymerase to make a blunt-ended fragment) . The 



resulting plasmid, pCGN1240, has the 5' end of the 2A11 gene 
from the EcoRl site 2.5 kb upstream of the J^hol site 
(position 1) to position 13 66 (which is located between the 
transcriptional initiation site of the 2A11 gene and the 
ATG) , followed by a polylinker region with sites for Smal , 
BajDHI, P^tl and Sail which can be conveniently used to 
insert genes followed by the 3' region from position 2381 to 
4653. The plasmid backbone of pCGN1240 is the Bluescript Cm 
plasmid described above* 
Construction of Plasmid pCGN124 3, 

A morfe convenient version has the EcoRl of pCGN1240 
excised and n^nserted into a Bluescript vector called 
pCGN12 39 which has an altered polylinker region such that 
the entire Wbassette can be excised as a* SacI-lTpnl fragment. 
The altered -Bluescript vector, pCGN1239; was constructed by 
^modifying ^he^ polybinder from the Sad site to 

tHe Kphl dit.e including a synthetic polyliiiker with the 
following/ sequence: AGCTCGGTACCGAATTCGAGCTCGGTAC to create 
a polylirijkei^'with the following sites: S^cI^-Kpnl-EcoRl Sacl- 
iCpnI.V7=/}Tlp^'rcoRI insert of pCGN12'4 0^^ witsv^inserted into 
pCGNf239Tt6 make pCGN1241 (see Figure^^^br;-^ 
Cor^struc^ion o f DCGN2 610 and pCGN.2"6'ii: 

A chloramphenicol resistant version of the 2A11 
promoter cassette was constructed by inserting the synthetic 
polylinker described above (see construction of pCGN1241) 
into PCGN2015 to make pCGN1246, followed by insertion of the 
rcoRI fragment of pCGN1241 to make pCGN2610 and pCGN2Sll 
which differ only by the orientation of the inserted 
fragment in the plasmid vector (see Figure 8) . 



Example 16 
Comparison of JExpressi on from Differenti 
Sized 2A11 5^ Regions 
A beta-glucuronidase (Gus) reporter gene was used to 
evaluate the level of expression and tissue specificity of 
various 2A11-Gus constructions* Gus is a useful reporter 
gene in plant systems because it produces a highly stable 
enzyme, there is little or no background (endogenous) enzyme 
activity in plant tissues, and the enzyme is easily assayed 
using fluorescent or spcctrophotometric substrates. See, 
for example, Jefferson Plaint Mol . Biol. Rsp. (1988) 5:387- 
4 05. Histochemical stains for Gus enzyme activity are also 
available which can be used to analyze the patteirn. of : enzyme 
expression in transgenic plants. Jefferson ( 19 88),-; -supjra, 

Constructibhs containing 1.3 kb (short) , „1. 8 kb 
( intermediate length) V -or .3.8 kb ( long) 2A11 5 ' . Sequences 
fused to the Gus reporter gene were prepared. In addition, 
constructions were prepared which have altered 3 ' : ends'. The 
altered 3' ends are " either a shorter 2A11 3' end from :^'trS of 
the T-DNA of the^.Tx. plasmid (Willmitzer et ai . £mbp . - J- 
(1982) 1: 139-^46; Willmitzer et al . , Cell (ISSyf^iTi XOAS- 
1056. The constructions were transferred to. ra.;, -binary vector 
(pCGNl578) , and used in A. rujne/acie/LS cocultivations . The 
resulting binary was used to transform tomato plants. The 
transgenic plants obtained were f luorometrically analyzed 
for Gus -enzyme activity. 

Example 17 
Screening Genomic Library for 
Polygalacturonase Genomic Clones 
Isolat ion of a Genomic Clone 

An EcoRl partial genomic library established in 
Charon 4 constructed from DNA of a Lycopersicon esculBntum 



cultivar was screened using a probe from the 
polygalacturonase cDNA (Sheehy et al . , Mol . Gen. Genet. 
(1987) 208:30-36). A lambda clone containing an 
approximately 16 kb insert was isolated from the library, of 
which an internal 2207 bp Hindlll to JETcoRI was sequenced. 
The HindllZ-EcoRl fragment includes the polygalacturonse 
promoter region. 
Sequence of Genomj ^ c Clone 

The DNA sequence of the genomic clone was determined 
by Sanger dideoxy techniques and is as shown in Figure 8. 
The sequence of the genomic clone bases 142 7 to 174 8 are 
homologous to the polygalacturonase cDNA sequence. 

The above results demonstrate the ability to . . . ; 
identify inducible regulatory sequences in a plant genome/ 
isolate the sequences and manipulate them. In this way./, the 
production of transcription -cassettes and expression . : 
cassettes can be produced- .which allow for differentiated , 
cell production of the desii^ed product. , Thus, the phenotyp.e 
of a particular plant partvmay be modified, without : s^^--:^'" 

requiring that the regulated product be produced im^^ai^l v > 
tissues, which may ^'res'^ult in various adverse ef f ects>"-on the 
growth, health, and;-^ production capabilities of thev.p_lant. 
Particularly, fruit-specific transcription initiation, 
capability is provided for modifying the phenotypic 
properties of a variety of firuits to enhance properties of 
interest such as processing, organoleptin properties, 
storage, yield, or the like. F\irther, the results 
demonstrate one can use transcriptional initiation regions 
associated with the transcription of sequences in seeds in 
conjunction with sequences other than the normal sequence to 
produce endogenous or exogenous proteins or modulate the 
transcription of expression of nucleic acid sequences. In 
this manner, seeds can be used to produce novel products, to 



provide for improved protein compositions, to modify the 
distribution of fatty acid, and the like. 

It is also evident from the above results that not 
only can soybean be transformed, iso as to introduce 
5 heterologous genes, but transformed soybean cells may be 
regenerated into plants and the plants demonstrate the 
phenotype of the heterologous gene* In addition, native 
promoters can find use in conjunction with heterologous 
genes and retain their capability to be induced in the same 
10 manner as the native gene. Therefore, one can provide for 
regulated expression of a heterologous gene, where 
regulation may be by an external condition, such as light • 
Furtherinore, Ti- or Ri-DNA may -bej employed for introducing 
'. the heterologous gene as part of./ an expression cassette into 
15:-- :the soybean cell without formation of a tumor and the 

r/v resulting cells grown in^ culture and plants regenerated from 
the cells. By appropriate choice of various genes, various 
properties of the cell may be enhanced by introduction of 
additional copies of a homologous : gene or new phenotypes may 
-2 .ben provided by expression of ^^^hjeterologous genes. In 

' " aH'dition, mutated genes may be' employed which can impart- 
^'4 ,.- novel properties to the host ;cell, providing for host v.^*:,. 
resistance to biocides, enhanced production of specific 
metabolites or products at the same or different times from 
25 the normal regulated expressions, or the like. 

All publications and patent applications mentioned 
in this specification are indicative of the level of skill 
of those skilled in the art to which this invention 
pertains. All publications and patent applications are 
3 0 herein incorporated by reference to the same extent as if 
each individual publication or patent application was 



- 80 - 



specifically and individually indicated to be incorporated 
by reference. 

Although the foregoing invention has been described 
in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced 
within the scope of the appended claims. 



